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REPORT 


OF THE 


COMMISSIONER OF FISHERIES. 


DrpraRTMENT OF COMMERCE, 
Bureau or FisHertes, 
Washington, September 15, 1920. 

Str: I have the honor to present herewith a report which gives 
an outline of the major operations of the Bureau of Fisheries during 
the fiscal year ending June 30, 1920. The Bureau’s functions are 
comprehended under eight captions, namely, relations with the fishery 
industries, biological investigations, propagation and distribution of 
food fishes, artificial propagation of fresh-water mussels, Alaska 
fishery service, Alaska fur-seal service, minor fur-bearing animals 
of Alaska, and general administration considerations, for each of 
which there follows a brief discussion. A number of special reports 
covering the Bureau’s various activities have been issued and may be 
consulted by those who desire details. 

It may be noted that the Bureau has reached the fiftieth year of 
its existence, having been established in February, 1871. Its growth 
from a mere commission charged with investigatory functions has 
been phenomenal, and the half century closes with the Bureau oc- 
cupying a larger sphere of usefulness than ever before and prepared 
to render a more important service to the fishing industry and to the 
general public, but with its powers curtailed by a grossly underpaid 
staff and by inadequate appropriations for essential features of the 
work. 


FISHERY INDUSTRIES. 


GENERAL CONSIDERATIONS. 


The general condition of the American fisheries may be character- 
ized as unsettled. While the world-wide cry has been for increased 
food production, and the fisheries have responded to the cry, there has 
been an underconsumption of fish in the country at large, and mil- 
hons of pounds of food fish have been wasted or put to economic 
uses of lesser importance. While the prices of foodstuffs almost 
without exception were rising during the past year, in at least one 
of the great fisheries, namely, the New England vessel fisheries, there 
was a falling off in prices received by the fishermen as compared with 
the previous year. 

The Bureau, through its division of fishery industries, has ren- 
dered meritorious service in reducing waste, in effecting improvements 
in methods of preservation and distribution, in securing larger pro- 
duction of aquatic products, and in increasing the public apprecia- 
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tion of and demand for fish as food. The Bureau is in position to 
render still further and much-needed service in various fields. It 
has the equipment, the directing personnel, the conception of the 
problems, and the knowledge of the best ways of approach. The 
chief requirement is an adequate appropriation. 

The past year has been noteworthy for the increasing attention 
given to the commercial possibilities of the fishery industries, to pro- 
viding means for increasing production, to effecting improvements 
in preparation of the products for market, and to the saving of the 
by-products of the fisheries for use in the arts and industries. This 
widespread interest has resulted in increasing the demands upon the 
Bureau for trustworthy and detailed information regarding the fish- 
eries, products, and processes; for the conduct of technological in- 
vestigations which properly come within its sphere of operations; 
and for guidance and assistance in the upbuilding of certain fisheries 
without endangering the harvests of the future. Because of its 
limited appropriations it has been unable to meet many of these 
demands in the manner they deserve. This is especially true of the 
calls for various technological investigations to solve difficulties 
encountered in the preservation or utilization of certain fishery prod- 
ucts and for educating the public as to the merits of fish as food, 
particularly the little-known varieties. For lack of such work large 
quantities of valuable protein food, the high-priced element of our 
diet, are being wasted at a time when there is particular need for the 
practice of economy and saving. 

The Bureau has conducted a number of important investigations, 
as, for example, a study of the basic principles governing the pres- 
ervation of fish with salt, experiments in the recovery of old brine 
and salt for reuse, development of methods of canning the Pacific 
mackerel and other abundant but neglected fishes of the west coast, 
preliminary studies of some features of freezing fish in brine, and 
the possibility of producing pearl essence from the scales of native 
fishes. Practical application of the results of its investigation in 
the salting of fish have been made and canners have been supplied 
with information gained in its temporary canning laboratory at San 
Pedro, Calif. Material aid has been given'in the development of 
certain fisheries, such as those for sharks and porpoises; in increasing 
the use of by-products of the fisheries; in extending the production 
of fish oil, scrap, meal, leather, etc.; in determining to what uses 
various products are best suited; and in supplying information re- 
garding sources of supply and possible markets for the finished 
products. A study of foreign methods of preserving nets has been 
made and a paper has been prepared for publication for the use of 
our fishermen in effecting economies in their expenditures for nets. 
Encouragement has been given to determining the practicability of 
using seaplanes in locating schools of fish, and arrangements have 
been made through the Navy Department for sending out planes for 
this purpose to enable those in the industry to determine their value 
as a commercial undertaking. 

In the collection and dissemination of statistical information 
regarding the fisheries more has been accomplished than in any 
recent year. The Bureau has completed a canvass of the coastal 
fisheries of the South Atlantic and Gulf States for the calendar year 
1918 and has prepared for publication detailed statistics of fisheries 


REPORT OF THE COMMISSIONER OF FISHERIES. 7 


of the Gulf States for that year and of the fisheries of the Great 
Lakes for 1917, together with the results of canvasses of the shad 
fishery of the Hudson River and of the shad and herring fisheries of 
the Potomac River for 1919, completed during the year. The 
monthly returns of the quantities and values of the fish landed at 
Boston and Gloucester, Mask Portland, Me., and Seattle, Wash., by 
American and Canadian vessels have been collected by local agents, 
tabulated, and published as monthly and annual bulletins for the use 
of the trade and to serve as a permanent record of the condition and 
trend of these important fisheries. Through the courtesy of the 
Health Department of the District of Columbia the Bureaw has con- 
tinued to receive daily reports of the quantity of fishery products 
received at the municipal fish wharf and market at Washington, D.C. - 
These have been tabulated for the calendar year 1919 for publication. 
In addition a canvass of the fisheries of the New England States 
for 1919 has been begun. 

A report of the work of this division for the calendar year 1919 
containing a detailed account of investigations, the relations of the 
Bureau with the fisheries, and full statistical tables and discussions, 
has been prepared by the assistant in charge and issued as a_ public 
document entitled “ Fishery Industries of the United States: Report 
of the Division of Statistics and Methods of the Fisheries for 1919.” 
Persons desirous of obtaining such detailed information should con- 
sult this report. 


UTILIZATION OF BY-PRODUCTS OF THE FISHERIES. 


Inadequacy of supply of various nonfishery products has mate- 
rially increased the demand for by-products of the fisheries possessing 
similar qualities. To this class belong fish oils for admixture with 
other drying oils in the manufacture of paints and varnishes, for 
purposes of hydrogenation and the like; fish scrap for use as an in- 
gredient in fertilizer; meal for use as an animal feed; leather made 
from fish hides; and poultry grit from ground oyster shells. To meet 
these demands the Bureau has given a larger measure of attention 
to encouraging the saving of the by-products of the fisheries, to the - 
solution of problems arising from efforts to put these products to 
new and more important economic uses, and to supplying informa- 
tion regarding sources of supply, methods of manufacture, uses, and 
markets. 

Analyses have been made of the body and liver oils of various spe- 
cies of sharks and skates, albacore or tuna, and yellow-tail oils to 
determine more definitely their properties and possible uses. Samples 
of these oils were also furnished the educational bureau of the Paint 
Manufacturers’ Association of the United States to determine their 
suitability for use in the manufacture of paints and varnishes. From 
drying tests of tuna oil made by the director of that association, it 
appears that this oil dries even more rapidly than linseed oil. The 
yield of oil from the tuna fisheries in southern California in 1919 is 
estimated at slightly in excess of 100,000 gallons. The oil of the yel- 
low-tail (Seriola dorsalis) proved as satisfactory as menhaden oil 
but was not the equal of tuna oil for drying purposes. 

Persons employed in the fisheries have been urged to convert unutil- 
ized stocks of fish waste into scrap for fertilizer, or preferably into 
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fish meal, with the result that provision is being made for the more 
extended saving of this material. For example, until recently not 
more than half of the waste from the shrimp industry of the South 
Atlantic and Gulf States was saved, being converted into fertilizer 
which commanded a relatively low price. Feeding tests made by the 
Bureau of Animal Industry of the Department of Agriculture in 
cooperation with the Bureau of Fisheries indicate that shrimp bran, 
properly prepared, is fully the equal of fish meal for feeding hogs. 
This information has been brought directly to the attention of per- 
sons in the shrimp industry, and improved methods for the prepara- 
tion of shrimp bran are being perfected, resulting in the saving of 
much larger quantities of this valuable material than formerly. 
From analyses it appears that shrimp meal may be expected to con- 
tain from 48 to 47 per cent of protein. There are indications that as 
feed it possesses other properties which tend to increase its value for 
such purposes. 

As a direct result of these activities, in excess of 2,500 tons of men- 
haden meal and shrimp meal were produced in 1919, with prospects 
for a rapid annual increase in the output of these commodities in 
regions where heretofore they were unknown. In this field the 
Bureau has continued to receive effective cooperation from the Bu- 
reau of Animal Industry in the conduct of feeding tests of various 
kinds of fish meals, in deciding their suitability for feeding purposes, 
and in bringing to the attention of hog growers the value of these pro- 
tein feeds. To properly safeguard the industry a number of addi- 
tional feeding tests have been arranged for and will be started in the 
near future. These will include shrimp meal from drying platforms, 
shark meal, meal made from fish cuttings, and meals containing high 
percentages of oil or made from decomposed fish. 

Satisfactory progress in the production of leather from fishskins 
and the establishment of fisheries for sharks and other unused aquatic 
animals are to be recorded, and provision has been made for determin- 
ing more definitely the special properties of such leathers for the use 
of the trade. It is to be noted that the demand for dried shark fins, 
which the Bureau has stimulated, now exceeds the supply. The re- 
ceipt of this commodity at San Francisco, the center of the industry 
on the Pacific coast, amounts to about 5 tons per month, much the 
larger portion being imported from the west coast of Mexico. Per- 
sons engaged in fisheries for sharks or fisheries in which sharks are 
incidentally taken are being urged to save all parts of these fishes 
and are furnished with detailed information on the subject 


INVESTIGATION CONCERNING PRESERVATION OF FISH WITH SALT. 


The preliminary investigation of the principles of preserving fish 
with salt has been completed and the results have been published (as 
Bureau of Fisheries Document No. 884) and made available to all 
persons interested in the subject. This work has been of material 
benefit in clarifying our knowledge of the factors influencing salting 
processes, and therefore in pointing the way to possible improve- 
ments in existing practices.. Among other things it has shown that 
the purer salts, which contain only a fractional per cent of impurities 
such as lime and magnesium, penetrate the tissues of the fish more 
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rapidly than salts containing a higher percentage of such impuri- 
ties; and that salt penetrates fish packed in dry salt faster than 
if packed in brine, and through the flesh faster than through the 
skin, thus revealing the value of cutting or splitting the fish. As ° 
the blood spoils at a lower temperature than the flesh, it is impor- 
tant to thoroughly wash out the blood if the salting is attempted at 
high temperatures. The investigation was conducted on a laboratory 
scale, and did not include studies of the factors determining the length 
of time salted fish will keep or other important lines of research, such 
as determinations of the fat content of fish, the practicability of 
improving the general quality of salt fish, and means for increas- 
ing the demand for such products by the consuming public. Such 
investigations may be expected to reveal means for preventing or 
safeguarding against spoilage and in other ways render the industry 
material service. 

One of the objects of the original investigation was to determine 
the practicability of salting fish at high temperatures, and therefore 
in warm climates. To give practical application to the results, the 
Bureau gave demonstrations of its methods to fishermen at points in 
Florida, where previous attempts at salting by the usual practices had 
resulted in failure through the spoilage of the product. For this 
work it employed a practical salter, with many years’ experience in 
salting river herring, gave him careful training in its methods and 
objects, and detailed him to Florida to instruct fishermen desirous 
of salting river herring in this manner. As a result 80,000 fish were 
successfully salted, and brokers and dealers handling the product 
expressed themselves as highly pleased with its quality. As indica- 
tive of the importance of adhering rigidly to the method prescribed, 
it should be noted that every attempt of the packers to depart from 
that method resulted in the loss of the fish. The salting of the fish 
was so successful that the packers are preparing to engage in this 
new branch of the industry on a large scale, so as to make possible 
the shipment of fish in car lots. 


PRESERVATION OF FISHERY PRODUCTS BY CANNING. 


Since May, 1919, the Bureau has been conducting at San Pedro, 
Calif., experiments in the preservation of fishery products by canning. 
It has devoted its attention particularly to little used fishery products 
for which satisfactory canning methods have been lacking and to the 
establishment of standard methods which will yield standard packs. 
The mackerel (Scomber japonicus), an abundant fish but little 
esteemed on the California coast, has received more consideration 
than other species. Over 80 different packs of this fish have been 
put up and subjected to careful examination, with the result that a 
number of promising methods have been developed, several of which 
have been released for the use of the trade. Other species experi- 
mented with are bonito, barracuda, pilchard, sea bass, smelt, tunas, 
and yellow-tail, several hundred packs of the various species having 
been put up and held in storage for examination periodically. A 
number of special problems have been encountered in the course of 
this work which may require rather extended study before a solution 
is found, as, for example, the unpleasant odor and taste in canned 
bonito and the detinning of cans in packs of such fish as the barra- 
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cuda. A vital desideratum of the Bureau, if it is to fulfill its func- 
tions and render the largest measure of service to the fisheries, is ade- 
quate provision in the matter of personnel and funds to enable it to 
render the canning industry of all sections aid in the preservation of 
crabs, shrimps, turtles, and certain fishes, and determining more 
definitely the possibility of applying newer methods in the case of 
staple canned fishery products. The need for accurate data in these 
fields is well shown by the large number of requests that the Bureau 
recelves. 


PRESERVATION OF FISH NETS. 


Outside of Norway very little investigation or experimentation has 
been done on the preservation of fish nets. In that country consider- 
able attention has been given to developing new methods and improy- 
ing old ones. This important means of economizing in the expense 
of nets seems to have been neglected in the United States, where the 
only preservative employed to a considerable extent is tar, the use of 
which is confined to the coarser kinds of nets. As a basis for future 
investigative work and for the immediate benefit of the American 
fisheries, one of the Bureau’s assistants has reviewed the literature 
on the subject, assembling important scientific data and tests for pub- 
lication. Some of the more common and efficacious preservatives 
used for such purposes are catechu, quercitron, or other tanning ex- 
tract, linseed oil, tar, and soap, followed by soaking in a solution of 
copper sulphate. 

It may be pointed out that one of the important functions of the 
Bureau is to make available to fishermen the scientific and practical 
experiences of foreign countries. Through such studies of the for- 
eign literature, results of great value may be obtained for direct use 
in the industry or as the basis for additional experimental work in 
our fishery products laboratory. 


USE OF AEROPLANES IN THE FISHERIES. 


The possibility of practical use of aeroplanes in various branches 
of the fisheries is one of the most interesting developments in avia- 
tion. The most obvious purpose that aeroplanes may serve is in 
the offshore fisheries in determining the location of whales and 
schools of surface-swimming fishes, like mackerel and menhaden, and 
in promptly communicating this information to fishing vessels or to 
shore stations. Other uses of aircraft in connection with the fishing 
industry will doubtless arise. 

In April, 1919, it was suggested to menhaden companies operating 
in the Chesapeake Bay region and having vessels that frequent the 
grounds off the Virginia capes that seaplanes might be used advan- 
tageously in helping the fishermen find fish. Desirous of determin- 
ing the practicability of the commercial use of aeroplanes in the 
fisheries, the Bureau was instrumental in bringing about an arrange- 
ment between the Naval Aviation Service and the menhaden fisher- 
men whereby naval seaplanes were made available for observation 
flights in quest of menhaden. Subsequently radio apparatus was 
installed on two menhaden vessels and at a factory on Chesapeake 
Bay, so as to be able to communicate with the seaplanes;,the offshore 
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fishing grounds were blocked off in numbered squares on charts; 
and two naval seaplanes, each with a fisherman-observer, have been 
traversing the fishing areas and reporting the location of schools 
of fish. The early results have been satisfactory, as the seaplanes 
have readily found fish and acquainted the fishermen with their loca- 
tion and abundance, thus saving much time and expense that would 
ordinarily be required for cruising. 

If this experiment continues to meet with the initial success, there 
is reason to believe that aeroplanes may take a permanent place in 
the menhaden fishery and doubtless in other branches. Inasmuch as 
the investment in planes and radio apparatus and the salaries of 
observers, pilots, and radio operators might be too burdensome for 
a single company to assume, it may be to the advantage of the indus- 
try for communities or groups of interests to provide for such service 
in common. 


MISCELLANEOUS INVESTIGATIONS. 


In addition to the technological studies already mentioned, the 
Bureau has supplied many inquirers with information and helpful 
suggestions regarding technological methods and processes, thereby 
rendering an important service in the upbuilding of the industry. 
The Bureau also has given attention to the development of methods 
for the recovery and reuse of salt and brine that have been employed 
in preserving fish; to an examination of possibilities of certain for- 
eign methods of freezing fish in brine; to the methods of producing 
pearl essence from the silvery scales of native fishes, and to tests of 
the practicability of putting noncommercial sponges to commercial 
use. Pearl essence or liquid nacre (“essence d’orient”) which is 
claimed to be superior tu the imported product, of which large quan- 
tities are consumed in the United States, is now being made from the 
scales of river herring. The prices received by the fishermen are 
sufficiently high to induce them to save this hitherto waste product. 

The equipment of the fishery-products laboratory in Washington 
has served the needs not only of the Bureau’s own investigators but 
- of other branches of the Government service. For example, use has 
been made of its brine-freezing plant by representatives of the Bu- 
reau of Plant Industry for freezing strawberries and cherries for 
comparison with the air-frozen product, and its air-freezing plant by 
the Bureau of Standards for the conduct of tests under various low- 
temperature conditions. 


NEW ENGLAND VESSEL FISHERIES. 


Through its local agents at Boston, Gloucester, and Portland, the 
Bureau has obtained and disseminated statistical and other informa- 
tion regarding the great vessel fisheries centering at those ports. 
These fisheries in 1919 were in a prosperous condition, although the 
number of trips and catch were not so large as in the previous year. 

During the calendar year 1919 this fleet numbered 523 sail, steam, 
and gasoline screw vessels, including 25 American and 2 Canadian 
steam trawlers. These vessels landed at Boston 2,754 trips, aggre- 
gating 103,391,370 pounds of fish, valued at $4,713,350; at Gloucester 
2,965 trips, aggregating 71,370,957 pounds, valued at $2,145,592; and 


12 REPORT OF THE COMMISSIONER OF FISHERIES. 


at Portland 2,550 trips, aggregating 21,718,943 pounds, valued at 
$689,441. The total for the three ports was 8,269 trips, aggregating 
196,481,270 pounds of fresh and salted fish, having a value to the 
fishermen of $7,548,383. 

The foregoing total includes 39 trips, 26 at Boston and 13 at Port- 
land, landed by nine Canadian fishing vessels, comprising 3,296,147 
pounds of fresh fish, valued at $106,261. Of this quantity, 1,191,845 
pounds, valued at $53,653, were landed at Boston, and 2,104,302 
pounds, valued at $52,608, ati Portland. There was a decrease of 12 
vessels, 21 trips, and 2,306,602 pounds in quantity and $112,364 in the 
value of the products as compared with the previous year’s status of 
this Canadian fishery. These fish were brought into our ports in ac- 
cordance with an arrangement with the Canadian Government, as an 
emergency war measure granting reciprocal privileges to fishing 
vessels, by which Canadian fishing vessels were permitted to land 
their fares at American ports direct from the fishing grounds. Cana- 
dian fishing vessels began to utilize this privilege in April, 1918, and 
the arrangement is still in operation. 

During the year 1919, 24 American fishing vessels made 29 trips 
with 434,486 pounds of fish at Canadian ports on the Atlantic coast, 
of which 8 trips by 8 vessels comprising 312,036 pounds were landed 
at Halifax, Nova Scotia. Incidentally, it may be noted that under 
the reciprocal arrangement 173 American fishing vessels landed 915 
trips, amounting to 12,258,522 pounds, at Canadian ports on the 
Pacific coast, of which 889 trips by 154 vessels, aggregating 10,804- 
522 pounds, were discharged at Prince Rupert, British Columbia. 

Compared with the previous year, there was a de¢rease of 481 
trips, or 5.49 per cent, in the total number landed by the fishing fleet 
at Boston, Gloucester, and Portland, and of 9,019,883 pounds, or 
4.38 per cent, in the quantity, and $2,983,165, or 28.32 per cent, in 
the value of the fish landed. The only important species showing 
an increase in catch over the previous year were haddock and halibut. 
The catch of haddock increased 16,044,644 pounds, or 24.06 per cent, 
in quantity, but decreased $405,338, or 12.66 per cent, in value, while 
the yield of halibut increased 333,657 pounds, or 18.73 per cent, in 
quantity and $84,911, or 28.09 per cent, in value. The production of 
cod decreased 6,450,007 pounds, or 8.98 per cent, in quantity and 
$1,034,024, or 28.58 per cent, in value; hake, 941,353 pounds, or » 
17.82 per cent, in quantity and $92,032, or 33.70 per cent, in value; 
pollock, 7,808,653 pounds, or 29.39 per cent, in quantity and $581,570, 
or 60.44 per cent, in value; cusk, 595,062 pounds, or 22.38 per cent, 
in quantity and $40,862, or 39.65 per cent, in value; mackerel, 
4,445,271 pounds, or 48.75 per cent, in quantity and $641,682, or 
53.97 per cent, in value; herring, 4,637,077 pounds, or 30.92 per 
cent, in quantity and $220,894, or 47.94 per cent, in value; sword- 
fish, 151,364 pounds, or 14.63 per cent, in quantity and $10,824, or 
4.84 per cent, in value; tilefish, 265,910 pounds, or 88.80 per cent, 
in quantity and $18,772, or 92.71 per cent, in value; and the various 
other species combined, 103,487 pounds, or 2.44 per cent, in quantity 
and $22,078, or 12.16 per cent, in value. The catch of Newfoundland 
herring decreased 2,885,047 pounds, or 45.17 per cent, in quantity 
and $142,090, or 42.81 per cent, in value. The quantity of tilefish 
landed at Boston was very small, amounting to only 33,510 pounds, 
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valued at $1,474, as compared with 299,420 pounds, valued at $20,246, 
the previous year. . 

The products landed at Boston and Gloucester, Mass., and Port- 
land, Me., by fishing vessels each year are taken principally from 
fishing grounds lying off the coast of the United States. In the 
calendar year 1919, (1.72 per cent of the quantity and 70.64 per 
cent of the value of the catch discharged at these ports by American 
and Canadian fishing vessels were taken from these grounds; 2.93 
per cent of the quantity and 4.61 per cent of the value, consisting 
largely of herring, were taken from grounds off the coast of New- 
foundland; and 25.33 per cent of the quantity and 24.74 per cent 
of the value from grounds off the Canadian Provinces. Newfound- 
land herring constituted 1.78 per cent of the quantity and 2.51 per 
cent of the value of the products brought in during the year. The 
herring were taken on the treaty coast of Newfoundland, and the 
cod, haddock, hake, halibut, and other species from that region were 
obtained from fishing banks on the high seas. All fish caught by 
American fishing vessels off the coast of the Canadian Provinces were 
from offshore fishing grounds. 

Supremacy in the New England fisheries is usually assumed by the 
cod, with the haddock ranking second. In 1919, however, the had- 
dock took first place, with 82,716,185 pounds, valued at $2,793,938. 
The yield of cod was 65,374,420 pounds, valued at $2,583,181. The 
next most important of the ground fish is the halibut, of which 
2,114,661 pounds, valued at $387,191, were taken. Pollock showed 
a marked decrease from 1918; only 18,751,967 pounds, valued at $380,- 
515, were secured, as against 26,560,620 pounds, worth $962,085, in 
the previous year. A noteworthy advance in production, indicating 
a growing demand, was in the catch of flounders, the increase over 
the previous year being over 77 per cent in quantity and 108 per cent 
in value. The total catch of mackerel was 53,992 barrels, a decline 
of more than 15,000 barrels from 1918. The catch of salt mackerel 
was only 7,000 barrels compared with over 13,000 barrels the year 
before. The total quantity of mackerel landed at the three ports 
was 5,713,196 pounds, valued at $547,242, of which 4,314,770 pounds, 
worth $427,104, were fresh. Both purse-seine and gill-net vessels 
in the southern mackerel fishery in 1920 had one of the best seasons 
on record. The fish caught weighed from 14 to 3} pounds, averaging 
about 2 pounds, and sold from 8 to 22 cents per pound, according to 
market conditions. In May there was a large body of mackerel off 
South Shoal Lightship, and the receipts at Boston landed by vessels 
were larger than for the same month in any recent year. The catch on 
the Cape Shore was disappointing; the weather was foggy, and the 
fish were well offshore, wild, and hard to catch. The total yield of 
mackerel up to July 1 was 60,842 barrels fresh and 3,357 barrels 
salted, compared with 38,787 barrels fresh and 6,452 barrels salted 
the previous year. 


VESSEL FISHERIES OF SEATTLE. 


The fishing fleet at Seattle, Wash., landed 670 trips during the 
year 1919, consisting of 13,651,020 pounds of fresh fish, having a 
value to the fishermen of $1,530,284, from fishing grounds along the 
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coast from Oregon to Alaska. The ck quantities were taken 
from Grays Harbor grounds, Flattery Banks, west coast of Van- 
couver Island, Hecate Strait, and Yakutat grounds. The products 
included halibut, 11,110,720 pounds, valued at $1,422,519; sablefish, 
1,553,600 pounds, valued at $74,290; “ lingcod,” 723,000 pounds, 
valued at $24,433; and rockfishes, 263,700 pounds, valued at $9,042. 
Compared with the previous year there was a decrease of 164 trips 
by fishing vessels, and of 20.13 per cent in the quantity and 18.93 
per cent in the value of the products. The catch of halibut increased 
8.46 per cent in quantity, but decreased 6.95 per cent in value. There 
was a large falling off in the catch of sablefish, “‘ lingcod,” and rock- 
fishes, owing chiefly to a smaller demand than in the previous year. 

The fishery products taken in Puget Sound and tributary waters 
and landed by collecting vessels during the year amounted to 11,- 
809,450 pounds, valued at $983,819. This quantity included 10,- 
387,703 pounds of salmon, valued at $902,717, and the remainder 
consisted of steelhead, pilchard, smelt, rockfishes, cod, flounders, 
crabs, and other species. Compared with the previous year, there 
was an increase in the products landed by collecting vessels of 11.35 
per cent in quantity and 7.80 per cent in value. 


SHAD FISHERY OF THE HUDSON RIVER. 


According to a special canvass conducted by the Bureau, consid- 
erable improvement in the shad fishery of the Hudson River in 1919 
is to be reported. The number of fish taken in recent years was as 
follows: 1915—15,855, value $8,643 ; 1916—9,287, value $5,465 ; 1917— 
12,015, value $6,540; 1918—67,403, value $48,184; and 1919—90,301, 
value $83,724. In 1919 there were 299 men engaged in the fishery, 
employing 158 boats representing a value of $6,700; 373 gill nets with 
a value of $15,269; 12 seines, valued at $1,700, and shore and accessory 
property valued at $7,920; a total investment of $31,589. The catch 
of 90,301 fish weighed 374,974 pounds, of which 76,501 shad or 301,306 
pounds, valued at $60,690, were taken on the New York side of the 
river and 138,800 fish or 73,668 pounds, valued at $23,034, on the 
New Jersey side. 

The Bureau plans to continue taking a yearly canvass of this 
fishery of the Hudson River where, in the absence of fish-cultural 
operations, dependence for the rehabilitation of the fishery rests on 
natural production and local protective measures. 


SHAD AND ALEWIFE FISHERIES OF THE POTOMAC RIVER. 


The Bureau has undertaken a yearly canvass of the shad fishery 
and the closely associated alewife or river-herring fishery of the 
Potomac River, a river in which extensive shad-cultural operations 
are being conducted. In 1919 the number of persons engaged was 
789, employing 514 boats, valued at $80,685; using 306 pound nets, 
valued at $159,810; and 267 gill nets and one hau! seine, valued at 
$26,761. The shore and accessory property was valued at $610, and 
the total investment was $267,866. The number of shad taken was 
544,469, or 2,040,473 pounds, valued at $332,397. The number of 
alewives taken was 8,867,902, or 3,676,921 pounds, valued at $61,016, 


REPORT OF THE COMMISSIONER OF FISHERIES. 15 


The number and value of shad taken in this river for various 
years from 1896 to 1919 was as follows: 1896—684,063, $63,608 ; 
1901—794,462, $119,366; 1904—872,647, $68,052; 1909—203,971, 
$53,732; 1915—182,402, $72,127; and 1919—544,469, $332,397. The 
added protection afforded these fish in recent years by restricting 
the distance from shore at which the fixed nets may be set, supple- 
mented by active operations of the hatchery at Bryans Point, Md., 
has apparently been of direct benefit to the fishery, which is very 
intense, owing to the prevailing high prices. 


FISHERIES OF THE GREAT LAKES STATES. 


The Bureau’s complete statistical canvass of the commercial fish- 
eries of the Great Lakes during 1917 was duly finished, and the re- 
sults were published in a form to show the fisheries by lakes. A 
regrouping of the figures has been made so as to set forth the fish- 
eries by States. 

The number of persons ascertained to be engaged in the fisheries 
of the Great Lakes was 9,221, of whom 3,183 are credited to Michigan, 
1,909 to Wisconsin, 1,761 to Ohio, 683 to New York, 608 to Minnesota, 
564 to Illinois, 446 to Pennsylvania, and 67 to Indiana. The invest- 
ment in the fisheries in the different States arranged in order of im- 
portance was as follows: Michigan, $2,937,086; Ohio, $2,462,832; 
Wisconsin, $1,668,529; Illinois, $1,265,664; Pennsylvania, $919,919; 
New York, $793,371; Minnesota, $428,443; and Indiana, $79,825; 
total, $10,555,669. Arranged in the order of the value of the prod- 
ucts, the States ranked as follows: Michigan, 29,737,355 pounds, 
valued at $2,035,889; Ohio, 26,442,993 pounds, valued at $1,570,230; 
Wisconsin, 24,042,103 pounds, valued at $1,320,162; Pennsylvania, 
8,151,241 pounds, valued at $508,382; Minnesota, 10,041,846 pounds, 
valued at $429,667; New York, 3,481,236 pounds, valued at $268,215; 
Illinois, 1,356,294 pounds, valued at $87,375; and Indiana, 1,016,155 
pounds, valued at $75,099; total output, 103,759,223 pounds, valued 
at $6,297,969. 

Detailed tables and discussions of the fisheries of the Great Lakes 
‘ and certain tributary waters and of Lake of the Woods and Rainy 
Lake are included in the report of the division of fishery industries 
for 1919. 


FISHERIES OF THE GULF STATES. 


A canvass of the coastal fisheries of western Florida, Alabama, 
Mississippi, Louisiana, and Texas for the calendar year 1918 was 
completed during the past fiscal year, and the detailed tables and 
discussions have been included in the divisional report. 

In 1918 these fisheries gave employment to 14,888 persons, the total 
amount of capital invested was $6,537,859, and the products ag- 
gregated 130,923,583 pounds, valued at $6,510,310. Some of the more 
important products taken were mullet, including roe, 28,641,364 
pounds, valued at $1,318,379; oysters, 23,754,465 pounds, or 3,393,495 
bushels, valued at $1,106,725; shrimp, green and dried, 27,142,999 

ounds, valued at $1,098,427; sponges, 452,188 pounds, valued at 
S795,155; red snapper, 9,429,802 pounds, valued at $609,312; sque- 
teagues or “sea trout,” 4,960,738 pounds, valued at $414,593 ; Spanish 
mackerel, 3,494,845 pounds, valued at $251,197; groupers, 5,935,825 
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pounds, valued at $235,406; redfish or red drum, 2,986,180 pounds, 
ane at $175,109; and menhaden 14,413,942 pounds, valued at 
110,608. 

Compared with the Bureau’s returns for this region for 1902, there 
has been a decrease of 17.42 per cent in the number of persons em- 
ployed, but an increase of 38.88 per cent in the investment, an in- 
crease of 15.15 per cent in the quantity of products, and an increase 
of 86.31 per cent in the value of the fisheries. Compared with the 
returns published by the Bureau of the Census for 1908, the increase 
in the catch amounted to 10.69 per cent in quantity and 33.95 per cent 
in value. 

Partly at least as a result of the Bureau’s efforts to extend the 
use of fishery products in the Gulf region, particularly neglected 
fishes or by-products, an increase in the catch and uses of such 
products is to be noted. For example, the yield of black drum in 
1890 amounted to 136,053 pounds and in 1918 to 2,011,288 pounds; 
of groupers in 1890 to 427,781 pounds and in 1918 to 5,935,825 
pounds; and of Spanish mackerel in 1890 to 700,459 pounds and in 
1918 to 3,494,845 pounds. The yield of the by-products of the 
fisheries amounted to 17,409,496 pounds, valued at $310,682. This 
included more than 1,600 tons of fish scrap with a value of $119,384; 
over 109,000 gallons of oil, valued at $106,618; more than 6,000 tons 
of ground oyster shells for poultry grit, with a value of $61,177, 
and several items of minor importance. 

The quantities and values of the products by States were as fol- 
lows: West coast of Florida, 54,753,639 pounds, valued at $3,420,368 ; 
Alabama, 5,609,219 pounds, valued at $230,567; Mississippi, 20,592,- 
089 pounds, valued at $762,770; Louisiana, 24,953,876 pounds, 
valued at $1,419,367; and Texas, 25,014.760 pounds, valued at 
$677,243. 

FLORIDA SPONGE FISHERY. 


The Bureau has continued to maintain in Florida a sponge-inspec- 
tion service to give effect to the law regulating the size of commer- 
cial sponges from local waters that may be landed at American . 
ports. 

The Florida sponge fishery appears to be in a state of equilibrium be- 
tween the natural supply and the catch, and if it can be so maintained 
no concern need be felt for the future. There is perhaps some sur- 
reptitious traffic in sponges of less than the legal minimum diameter 
of 5 inches, but the open and flagrant sale of such sponges which 
occurred some years ago has been suppressed. The cargoes of 
sponges on sale at the sponge exchanges sometimes contain a large 
proportion of sponges barely meeting legal requirements, and a num- 
ber of persons engaged in the business express themselves in favor 
of an increase of the legal minimum to 54 or even 6 inches. The 
superabundance of small sponges is attributed to the gradually re- 
turning productiveness of the beds in comparatively shallow water 
which were depleted by the spongers a number of years ago. There 
is no doubt that if the small sponges were permitted an additional 
year’s growth these formerly exhausted beds would yield a larger 
quantity and, owing to the higher value of the larger sizes, a much 
greater financial return to the spongers, 
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GENERAL CONDITION OF THE WORK. 


In the field occupied by the Bureau’s division of inquiry respect- 
ing food fishes and the fishing grounds, the fiscal year 1920 was 
marked by a reduction in activities as a necessary adjustment to the 
decreased appropriation for such purposes. The general policy 
adopted was to continue in progress the more important investiga- 
tions, reducing the number of projects rather than the quality of 
the work. 

During the preceding year several of the chief agencies of the 
Bureau’s scientific activities were in the hands of the Navy Depart- 
ment, so that provision was required neither for the maintenance of 
certain stations or vessels nor for their normal activities. Just be- 
fore the beginning of the fiscal year under report, or in the early 
part of that year, the Navy Department returned to the Bureau the 
Beaufort (N. C.) Jaboratory and the steamers Albatross and Fish- 
Hawk, and withdrew from the Woods Hole (Mass.) laboratory. It 
has been endeavored to put these agencies into effective operation 
again as far as practicable, but, owing to the necessity for extensive 
repairs to the Beaufort laboratory and its equipment, that station 
maintained during the fiscal year 1920 a minimum degree of activity. 

This branch of the service has labored under the severe handicap 
of inability to maintain a full working staff. For several years the 
scientific personnel has been kept fairly complete, partly as a result 
of the reducing of entrance requirements to the lowest possible limit, 
and partly in consequence of the appeal of patriotic service during 
a national emergency. In the past year, however, scientific employees 
have gradually but steadily drifted out of the service, and qualified 
candidates for their places have failed to appear. Accordingly, the 
year closed with 32 per cent of the scientific positions vacant, among 
them some of high responsibility, and at the present date the num- 
ber of vacancies has increased to 36 per cent, with other resignations 
in prospect. Unless radical changes can be promptly made in the 
salary scale and conditions of service, the efficient accomplishment of 
one of the Bureau’s primary functions must depend upon the possi- 
bility of enlisting the services of men of independent means, inspired 
by patriotic purpose or zeal for the work, a condition which is both 
repugnant and unpromising. 


STUDIES OF SALMONS AND TROUTS. 


Notwithstanding the great amount of attention that has been given, 
over a long series of years, to the biology of the Pacific salmons, much 
remains to be learned regarding essential features of their life, 
growth, habits, etc., and the Bureau has continued to have highly 

ualified assistants devote themselves to these most important fishes. 

he efficiency of fish-culture operations and the intelligent applica- 
tion of protective measures require a secure foundation of knowledge 
of the several species at maturity, the life-histories, migrations, and 
conditions favorable for existence. The studies necessary to estab- 
lish this base of knowledge are highly technical, tedious, and time- 
consuming; nevertheless, material progress has been made in the 
interpretation of the age, early history, and possible races of the 
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chinook salmon in the Columbia and Sacramento Rivers. Further 

-consideration has been given to the capture of immature salmon in 
the open ocean, a commercial practice which threatens the future 
of the salmon industry, and a conclusive report may be expected 
shortly. Investigators have made significant studies of salmon in 
Alaska, the results of which will serve as a guide both in fish-cul- 
tural practices and in the administration of the salmon fishery in 
Alaskan waters. 

There have been conducted anatomical studies and experiments 
with members of the salmon family which have brought to light con- 
ditions that bear directly upon the propriety and effect of certain 
fish-cultural practices, and that with further study and experiments 
at hatcheries are expected to lead to improvements in the manipu- 
lation of brood fish, and thereby promote efficiency and economy in 
the operation of trout stations. 

The Bureau is also endeavoring by a series of studies, unavoidably 
technical in nature, to clear up the confusion existing as regards the 
relationships of the several members of the salmon family, a con- 
fusion which is not of theoretical interest alone, but which impedes 
the efficiency of practical work in the distribution of fishes, which 
should be based upon definite knowledge of the species propagated 
and distributed and of the natural range of these and related species. 
It is sometimes difficult to determine the results of the introduction 
of species of trout in new waters (as, for instance, the many disputes 
regarding rainbow and steelhead trouts) because definite criteria are 
wanting to identify the species propagated on different occasions, or 
the species found to have become established in the planted waters. 


STUDIES OF OTHER FISHES. 


A similar sort of obscurity with reference to the species of white- 
fishes and ciscoes, or so-called lake herrings, of the Great Lakes has 
been attacked, and there was brought to completion during the year 
the report of a thorough study of the whitefishes and related species 
in Lake Huron. The investigation will be extended to Lake Michi- 
gan in the course of the present year. 

The investigations of smelts which have been pursued during a 
period of years are nearing completion, and the results will afford 
long-desired information regarding fishes that are esteemed for their 
value as human food and that are of even greater value as food of 
the larger food and game fishes. 

The investigation of the paddlefish has been continued, but the 
species still baffles the most careful inquiry into its habits of breed- 
ing. The life histories of marine fishes are receiving persistent atten- 
tion, and it is expected that substantial contributions in this field 
may be made at an early time. 

In response to many inquiries regarding the possibilities for a 
sardine-packing industry on the northwest coast, the Bureau con- 
ducted a further inquiry into the occurrence of pilchards, or sardines, 
off the coasts of Washington and Oregon. It was ascertained that 
sardines occur in these waters irregularly, though abundantly at 
times, but, in view of the uncertainty of the runs, the difficulties of 
the fishery, and the general situation in the canning industry, the 
establishment of sardine canneries in the northwestern States at the 
present time is not recommended. 


REPORT OF THE COMMISSIONER OF FISHERIES. 19 
FISH-CULTURAL EXPERIMENT WORK, 


The experimental work in the interest of fish culture, both public 
and private, which is pursued primarily in connection with the 
fisheries biological station at Fairport, Iowa, has been continued as 
far as permitted by the available means and personnel. The in- 
vestigations of previous years have yielded results which it has been 
possible to apply in practice at several of the Bureau’s fish-cultural 
stations, and the advantages to accrue from a more aggressive pur- 
suit of fish-cultural experiment work are undoubted. It is therefore 
to be regretted that provision has not been made for the special per- 
sonnel without which it is impossible to make adequate progress. 

The experiments at Fairport, which relate to the propagation of 
bass, sunfish, catfish, and buffalofish in ponds, are supplemented by 
investigations of the plants and lower animals which live in the 
ponds and contribute directly or indirectly to the food supply of 
fish and to the yield of fish from the ponds. Results of special 
interest and value are regularly obtained, and if the observations 
could be more widely extended the Bureau would rapidly gain in 
ability to furnish just the sort of helpful information desired by the 
amateur fish-culturists in all parts of the country who are seeking 
to improve the conditions of home life on the farm by developing 
the fishpond as a source of food and a means of recreation. 


MOSQUITO CONTROL BY THE USE OF FISH. 


Previous reports have stressed the public service rendered by the 
Bureau in conducting investigations and practical operations in the 
employment of fish as a means of exterminating mosquito larve 
under conditions where other means of control are either imprac- 
ticable or unnecessarily expensive. Renewed assurance of the value 
of this work was gained during the past year when the Bureau of 
Public Health Service urgently requested this Bureau to detail an 
assistant for full time in advising with Federal, State, and local 
health officers in the proper use of fish in the broad antimalaria cam- 
paign in the Southern States. There have also been several freely 
offered expressions of appreciation for the value of this service from 
State health officials. 

The studies of fishes and other aquatic animals in relation to mos- 
quito control have not been restricted to southern waters, but addi- 
tional experiments have been conducted in Northern States, notably 
in the Interstate Palisades Park of New York and New Jersey. 


STUDY OF FISH DISEASES. 


While the Bureau was without a regular fish pathologist during 
the first half of the fiscal year, the study of the parasites and dis- 
eases of fishes was continued during most of that period by the aid 
of temporary employees. Diseases of fish in the St. Lawrence 
River and in certain fish hatcheries were investigated, and appro- 
priate remedies were suggested when practicable. Later in the year 
systematic researches were directed at such special problems as the 
widely prevalent “ white-spot” disease in salmonoid eggs and the 
mortality of pike-perch eggs which substantially lowers the efficiency 
of all pike-perch hatching operations. 
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e SHELLFISH INVESTIGATIONS. 


Oysters.—The problems of the oyster industry in some sections 
are critical and have received the fullest possible measure of atten- 
tion. The problem of first importance is the failure of set during a 
period of years in Long Island Sound, and this has been attacked 
by methods of both biology and chemistry (in cooperation with the 
Bureau of Chemistry.) A foundation of facts is steadily being con- 
structed, and some tentative conclusions as to the causes of trouble 
and the methods of alleviation are now possible. No claim can, 
however, be laid to a complete solution of the problem until further 
observations and experiments have been made. The inquiries have 
centered principally about Milford, Conn., and Sayville, N. Y 

It seems fairly clear that one of the disturbing factors, and pos- 
sibly the chief cause of the failure of set, is the extensive pollution of 
inshore waters by sewage or industrial wastes, and proper attention 
is therefore being focused upon this aspect of the question. 

Oyster studies have also been made in the Chesapeake Bay and in 
some waters of the State of Virginia. In the vicinity of Norfolk 
attention has been given to the damages to oysters resulting from the 
unlawful discharge of oil upon the waters of Hampton Roads. In 
the York River, Va., the investigation of conditions affecting un- 
favorably the growth of oysters has been brought to a close. 

Fresh-water mussels—tIAn the propagation of fresh-water mussels 
the number of glochidia infected upon fish and liberated in the 
public waters was conspicuously greater than in the preceding year, 
and the unit cost was correspondingly lower. The results of arti- 
ficial propagation are detailed elsewhere. In the experiments di- 
rected at the rearing of young mussels until they have attained a 
size (say half an inch in length) permitting of their being handled ~ 
with convenience and planted deliberately upon suitable bottoms, 
notable results have been secured during the year. Before the past 
year a measurable degree of success had been.attained with one 
species of mussel (the Lake Pepin mucket), but during the summer 
of 1919 two additional species (yellow sand-shell and river mucket) 
were reared in considerable quantities in small troughs. 

At a conference in La Crosse, Wis., in January, 1920, participated 
in by representatives of the States of Wisconsin and Minnesota and 
by other interested persons as well as by assistants of the Bureau, 
consideration was given to the protection of mussel resources, and, 
acting upon authority provided by recent concurrent legislation in 
several States, it was determined to close against commercial shell- 
ing for a period of five years certain sections of the Mississippi River 
bordering the two States represented in the conference. The pur- 
pose is to allow opportunity for natural recuperation of the beds and 
to create favorable conditions for the artificial propagation of mus- 
sels. The proposed action, when taken, will represent the culmina- 
tion of several years of earnest effort by various persons and agencies, 
in which the Bureau of Fisheries has played a leading part, to bring 
about the effective protection of the valuable mussel resources of the 
Mississippi Basin. Up to the present time, only four States wich 
control the principal mussel-producing portions of the Mississippi 
River have enacted appropriate legislation. It is greatly to be de- 
sired that other States having jurisdiction over important shell-pro- 


REPORT OF THE COMMISSIONER OF FISHERIES. 21 


ducing streams will join in this movement before the resources be- 
come too seriously depleted. 

In the course of the fiscal year there was issued a document de- 
scribing in detail the commercial fresh-water mussels, the implements 
and practices of the mussel fishery, and the machinery and methods 
of manufacture of buttons from the shells. There has also been com- 
pleted and submitted for publication a general account of the natural 
history and propagation of the mussels. ‘These papers are issued in 
response to a general demand for the varied information contained 
in them, and with a view to disseminating such knowledge of the 
resources and industries and of the conditions of their perpetuation 
as will stimulate the adoption of measures and practices whereby un- 
necessary waste may be avoided and the future as well as the present 
may be served. 


MISCELLANEOUS STUDIES. 


Investigation of the reddening of salt fish, which causes large an- 
nual losses to fish packers, has been continued and some definite con- 
clusions are now possible. It has been ascertained that the discolora- 
tion is due to the growth of at least two organisms, one of which 
under appropriate conditions is characteristically red and the other 
pink. The simultaneous growth of these organisms results in the 
production of various shades of color. The organisms evidently have 
their origin in the imported sea salt which is so extensively used in 
the fishing industry. The conditions of growth of the causative 
agents have been pretty well determined, and experiments are under 
way to determine the means of eradication. 

In response to solicitations from the trade that domestic sources 
be found for a vegetable gelatin such as is required for the satis- 
factory packing of certain fish products in cans, the Bureau has 
conducted an inquiry into the properties of gelatin derived from the 
seaweeds of the New England coast. A gelatinous extract from the 
common “Trish moss” of that coast, when properly prepared, was 
found to meet the requirements. It has been thought advisable to 
carry the investigation further and to ascertain the possibilities of 
developing domestic sources for agar-agar and other valuable 
gelatins of commerce now imported. 


SCIENTIFIC WORK OF THE VESSELS. 


The steamers Albatross and Fish Hawk, which had been surren- 
dered to the Navy Department for the period of the war, were re- 
turned to service in the interests of the fisheries during the early 
part of the fiscal year. 

For the present it is intended to retain the Albatross in the Atlan- 
tic, from which she has been absent for a period of more than 30 
years. Her work up to the close of the fiscal year consisted in one 
cruise to the south as far as the Yucatan Channel and another cruise 
along the northeast coast and into the Gulf of Maine. Oceano- 
graphic studies and fishery trials were features of the cruises. The 
Albatross is now better equipped than ever before for practical 
fishing operations, and it is expected that as soon as the crew is 
properly trained and a suitable scientific staff can be found the 
vessel will make even more substantial contributions to the welfare 
of the fisheries than it has in the past, 
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The Fish Hawk has been engaged in an exploration of Chesapeake 
Bay to discover and record the seasonal conditions of salinites, tem- 
peratures, currents, and ultimate food supply of fishes, and to ascer- 
tain within the limits of feasibility all other conditions affecting 
the migrations and abundance of fish and shellfish. All of these 
data are essential for the most intelligent conservation and develop- 
ment of the important fisheries of this bay. 


THE BIOLOGICAL LABORATORIUS. 


For the first time since the early part of 1917 the Bureau has had 
the full possession of all of its laboratories; but, while available 
for use, it has not been possible to operate ‘all of them actively. 
The Woods Hole (Mass.) laboratory was rather fully engaged dur- 
ing the summer of 1919 with investigations in progress concerning 
oysters, the reddening of salt fish, celatin from seaweed, and the 
habits, food, and parasites of fishes. 

The Beaufort (N. C.) laboratory could not be put in shape for 
operation until late in the fiscal year, and deficiencies of funds and 
of personnel have rendered the station relatively inactive. 

At the Fairport (Lowa) laboratory, studies of fresh-water mussels 
and experimental fish culture were pursued, with the use of the 
limited space afforded in the old temporary laboratory building. 
During the year, however, the excellent new building, fireproof in 
construction, pleasing in appearance, and admirable in design, was 
brought nearly to completion and its occupancy was expected at an 
early date in the following fiscal year. 

Progress in the construction of the Key West (Fla.) biological 
station consisted principally in the installation of the necessary units 
of the pumping system and the construction of a concrete tank tower 
with storage for both fresh and salt waters. The water system is, 
therefore, complete and ready for use, and this is one of the most 
essential features of equipment of the station. The available labora- 
tory space and other accommodations which it has been possible to 
supply from the appropriations hitherto made are inadequate for 
scientific work in the interest of the fisheries, except such as may be 
rendered by the permanent staff authorized. "The station functioned 
usefully for a portion of the fiscal year, but since the loss of its 
scientific staff, about the middle of the year, it has remained idle and 
in the charge of a single employee as caretaker. 

Too cordial an. acknowledement can scarcely be made of the loyal 
and devoted service of the men who have still remained in the service 
during these times when the most trying economic conditions have 
been and are yet bearing heavily upon them. The Bureau expresses 
also its appreciation of the services of those who have rendered their 
contribution to the work of the year, and left only under the com- 
pelling pressure of circumstances. 


PROPAGATION AND DISTRIBUTION OF FOOD FISHES. 
SUMMARY OF THE OPERATIONS. 


The output of the hatcheries during the fiscal year 1920 fell short 
of the results in 1919, when a record was established. 'The aggregate 
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production was 4,770,355,000, of which 3,872,218,000 were fry, 267,- 
388,000 were fingerlings, yearlings, and adults, and 630,749,000 were 
fertilized and viable eggs. Important species whose output was 
larger than in the previous year were catfish, buffalofish, whitefish, 
chinook salmon, chum salmon, steelhead salmon, rainbow trout, 
blackspotted trout, grayling, crappie, sunfish, and cod. There was a 
reduction in the output of shad, cisco, pike perch, yellow perch, pol- 
lock, and winter flounder. The net decrease in output was about 
1,105,000,000, of which about 1,050,000,000 represented the winter 
flounder. 

Untoward conditions that influenced the fish-cultural work were 
the partial disorganization of the field force, the increased cost of 
operations with no increase in available funds, and unfavorable 
weather during the egg-laying periods. A very serious epidemic 
among brook trout in New England hatcheries materially reduced 
the output of that species. P 

Following is a summarized statement by species showing the 
number of eggs, fry, and adults, yearlings, and fingerlings distributed 
during the fiscal year 1920: 


SUMMARY, BY SPECIES, OF THE DISTRIBUTION OF FISH AND FISH EcGs DURING THE 
Fiscat YEAR ENDED JUNE 30, 1920. 


Fingerlings, 
Species. Eggs. Fry. yearlings, Total. 
and adults. 

TVISG 3A Oe es ES aR ee er eel Rr cr ter eric 76, 286, 060 76, 286, 060 
“AS Fa os aE a Pence erga 37, 800, 000 6, 999, 310 44,799, 310 
RSET IEIS Tes Oo cn NI OS ee ad noes ode send 174, 585, 000 2,616,575 |. 177, 201,575 
Pee ae Se on. SM otal oaaee Gc es BG; 558; 27013. < odds te 56, 558, 270 
LALLY ke re apie ere ere ses: Ee) Eee someone (OU Ut ee ee 115, 000 
VUTEC TI Oi Ee ee ee ee 111, 830, 000 DiS dao sOOO |! 2 = <acce se ces 390, 365, 000 
ODEO 25. 52 ee Se eee 90, 200, 000 7630055 000) Was ep eS 166, 205, 000 
Pema otie mete oe oa 2! Or Ske es Saas ae 5, 835, 700 2, 892, 050 8, 727, 750 
Gninnokcsalmion: (sie es cecal hos ie een ae 11, 267, 000 1,265,770 | 37,505,500 50, 038, 270 
RRP IR TIONE eee 2) ooo So na me'mar ed ame 3,000, 000 50, 950, 000 47, 857, 615 101, 807, 615 
Pormmmbeaai anima 5 Se oat aoe Senn | oe nt naeeas BUT 2O0N eo ee hee 307, 200 
MURIEL Yes nae ke seas no See es ae |t eee ae _7, 318, 100 5, 733, 150 13, 051, 250 
Steelhead salmon. .-.--..-...- Per a re 891, 600 173, 200 3,053, 235 4,118, 035 
PA Gl gaat coraralsinen niet 2 8 ier. Sie eS fe x Ts Socfet hey. 1, 550, 000 225 1, 550, 225 
Weanielockedesimon; 2. = .25.-.22 2 Baas 497, 105 1, 054, 525 90, 275 1,641, 905 
Tees iL oni  11 9 Oke ee a Pe 2, 607, 600 * 64, 200 4, 200, 015 6, 871, 815 
BIkckapONAO LOU t. = fc2 his -5de/st3-bcestie'as -2 722, 600 2,021, 500 1,315, 700 4,059, 800 
Ty Fale ral mas ee PRS De eee 2) ORT) pare 101, 965 101, 965 
Peeetronimen ees soe eet oe oe 2,960, 000 29, 140, 00 800, 785 32, 900, 785 
Tene 1 FAGAN Be re 821, 400 3, 160, 285 6, 034, 270 10, 015, 955 
Serer ees oe) lL kecesmewee Se oseuu ease aue 1165000) acces sae 1,165, 000 
AN ORET OL es Ste 2 kas 2b took Sada alan acscmeenal deine setee ey eae = 510, 350 510, 350 
LOIS Tia Te8 i Thre Re a a ete |e See a Ee eo oe 29, 955 29,955 
SRSFE L/L SL e es  T  vag de) PE Oe 35, 897, 805 35, 897, 805 
marccmnamin NaGk Pass 2-4 2... 2'.2-22d- shales oe ee ee es 586, 500 978, 465 1, 564, 965 
Sirigd rite DAC ASS Sco oo aco 2a oc te com eee ee cee ge 171, 000 41,375 212,375 
Erie ies Peaeeenee Somers Oe eR oon | Siem osegegana 61, 035 61,035 
Wiariipm imine sae oc Soo 5 as sees ae get ne ween dees ee 14, 650 14, 650 
LUD LakcL eget peels al Sad a aa BS Sto) Lee a” OST] (Oe ee 30, 879, 120 30, 879, 120 
ARO POG ee Soe See oss es Se eee 89, 625, 000 1545000, O00) [isc. 3 cSawrtod 08 244, 525, 000 
BERDOWMTDORBMEE So one e eo ak..5 6 os a ere adams eee eee ee 162, 590, 100 616, 050 163, 206, 150 
MUILG OTOIE Sees a ec, 2. fo hs oe ne ee ele soy 1,500 1,500 
SELATAS SASS 8 ot Aceh 2, seer anes eb ost ase Se walsne 46,070 46,070 
BUH DASH ist oe ate Sonne o-oo « «ASRS ate ie See AG SAGA, OOD) bie mane seas 16, 474, 000 

* SE Se SEs ee 160,992,000 | 489,175,000 |..............| 650, 167, 000 
MIRE as aie iad «10 wa a nce aneel Die aeee Ree 57;7085,000) |... ciseeeesen 557, 685, 000 
2 ALTOS MRS AR OU al TS 1G 155,335,000 | 159,953,000 |.............. 315, 288, 000 
GLEE SSE aie al See ae ante, \-| RR aa aee EY 156033080; 000" |... eee enon 1, 603, 080, 000 
EER OHEIEOIS. oe faye 22" So RG, rite Manatees send se eke as eue 2, 824, 960 2, 824, 960 


AS yea ER SR 8 630,749, 305 | 3,872,218, 350 | 267,388,065 | 4,770, 355, 720 
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A gratifying feature of the year’s distributions was the increased 
number of fishes planted as fingerlings. The advance over 1919 in 
this respect exceeded 100,000,000. The most noteworthy factor in 
this increase was the Pacific salmons, of which over 97,000,000 were 
carried to the fingerling stages before being liberated as against 
78,421,000 in the previous year. 


HATCHING STATIONS OPERATED. 


During 1920 the Bureau operated about 60 permanent hatcheries, 
5 temporary hatcheries, and a large number of field, auxiliary, and 
collecting stations. No new hatcheries have recently been authorized 
by Congress, but the Bureau, in order to serve a public demand and 
meet existing needs, has established auxiliary stations at several 
points, and in 1920 such auxiliaries were operated at Lewis River, 
Wash., for chinook and* chum salmons; Washougal River, Wash., 
for steelhead salmon; Paris, Idaho, for whitefish; Bay City, Mich., 
for pike perch; Willamette River, Oreg., for shad; Weldon, N. C., 
for striped bass; La Crosse, Wis., for brook trout and pike perch; 
and Atchafalaya, La., for buffalofish. 

In the following list there are shown fish hatcheries, auxiliaries, 
and rescue stations operated in 1920, arranged alphabetically by 
States, together with the species handled at each. 


MAIN AND AUXILIARY FISH-CULTURAL STATIONS OPERATED DURING THE FISCAL 


YEAR 1920. 
State and locality. Species handled. 
Alaska: 
ATO PNK? seein secemenes ence Sockeye salmon. 
POST B aye di wiee enc te aoe cela Do. 
Arkansas: Mammoth Spring...-.-.. Largemouth and smallmouth black bass, rock bass. 
California: 
Baird 3.6. eee sine sen<nemeeecer Chinook salmon. 
Battle Creek.......-.-----. Do. 
Mill ‘Creel:iie s2<2<ee ee Do. 
Colorado: Leadville. ........---.-- Blackspotted, rainbow, Loch Leven, brook, and lake trouts. 
District of Columbia: Central sta- 
LOTS pes < Se ace ate neg ee ose Shad, whitefish, cisco, chinook salmon, pike perch, yellow perch. 
Georgia: Cold Springs.......-.---- Largemouth black bass, crappie, sunfish, catfish. 
Nasho Paris 1 hoes eto oe cas Saas Whitefish. 
Tlinois: 
Wairovsen eben Seca cecidskemes Rescued fishes. 
Mercdosia imcnciteasncesecneest Do. 
Quincy sc Socese soe w see sceseas Do. 
Towa: 
HAINPOLUseE tise ween ticae Wadena Do. 
IManchestersaeeen stele sale ue Brook and rainbow trouts, smallmouth black bass, rock bass. 
Belleville ssh. «Senn teh ane Rescued fishes. 
North MeGregor...-.....-.- Do. 
Kentucky: Louisville. ............ Largemouth black bass, smallmouth black bass, rock bass, sunfish, 
yellow perch. 
Louisiana: Atchafalaya........-.-- Buffalofish. 
Maine: 
Boothbay Harbor........--.-- Haddoek, pollock, winter flounder, alewife. 
Craig Brooke: i Wei. . aes Atlantic, landlocked, and humpback salmons, brook trout. 
Green) Lake: eckcenceeccee =e Landlocked salmon, brook trout. 
irand Lake Stream..-.-.-. 0. 
Maryland: Bryans Point.........-. Shad, yellow perch. 
Massachusetts: 
Berkshire... .| Brook trout. 
Gloucester. - .| Cod, haddock, pollock, winter flounder. 


Cod, winter flounder. 
1 Auxiliary of Springville (Utah) hatchery. 2 Auxiliary of Louisville (Ky.) hatchery. 


REPORT OF THE COMMISSIONER OF FISHERIES. 25 


MAIN AND AUXILIARY FISH-CULTURAL STATIONS OPERATED DURING THE FISCAL 
Yrar 1920—Continued. 


' 


State and locality. Species handled. 
Michigan 
CL LC aa Brook and rainbow trouts, landlocked salmon, cisco, smallmouth 
black bass, sunfish. 
eT CHOW << cet. see eacens ~.| Pike perch. 
RSHATIOVOLE:<cjcn odecs cactus Lake trout, whitefish. 
Minnesota: 
CUES ase Re oa ee a ae ed Lake and brook trouts, whitefish, pike perch. 
Homer. ...-.-.-.----------:.-.| Largemouth black bass, pike perch, rescued fishes. 
Mississippi: , 
ithe 0% 2) fr) Pe ee ee ee Largemouth black bass, crappie, sunfish. 
riers We OWIG~. ce ou cosas we Rescued fishes. 
MISTI NOOSBO-c. 4... 2 25e- een Largemouth black bass, smallmouth black bass, rock bass, crappie, 
sunfish, yellow perch, rainbow trout. 
Montana: 
I ORAMON mates aca skaenwc tlecac Blackspotted, rainbow, and brook trouts, grayling. 
Glacier Park. .2.¥=.265 22226 Do. 
New Hampshire: Nashua......... Brook and rainbow trouts, smallmouth black bass. 
New York: Cape Vincent.......... Brook, lake, and rainbow trouts, whitefish, cisco, yellow perch. 
North Carolina: 
(SGI i as SR eee Shad, largemouth black bass, sunfish. 
VV ANG Lo) ae Se SRA ae Striped bass. 
Ohio: 
TIVITY Jaca ca cise Naw cane Whitefish, pike perch, yellow perch. 
Porcsounton.: 522.0 S Sk Carp. 
Oregon: 
RRIATHAS ose he oo Chinook, chum, and steelhead salmons, brook, rainbow, and black- 
spotted trouts. 
PEP ALC nan inten ae ws sews Silver and steelhead salmons. 
Ropue Rivers 2. 2..iL. 6.28 Chinook and steelhead salmons, rainbow trout. 
Upnet Clackamas........-. Chinook and steelhead salmons, brook trout. 
Wyinamette<16ce- ce otcue. Shad. 
South Carolina: Orangeburg....... Largemouth black bass, crappie, sunfish. 
South Dakota: Spearfish. ......... Blackspotted, rainbow, brook, and Loch Leven trouts. 
Tennessee: Erwin ...............-- Largemouth and smallmouth’ black bass, rock bass, sunfish, carp, 


brook and rainbow trouts. 


Texas: San Marcos Largemouth black bass, erappie, rock bass, sunfish. 


Utah: Springville. ........... ..| Blackspotted, rainbow, and brook trouts. 
Vermont: 
Sil ORNSDUNY 5252-61-35 =~ Landlocked and steelhead salmons, brook and rainbow trouts, small- 
mouth black bass, yellow perch, white perch. 
POIGeNE ese oe eee Brook and lake trouts, steelhead salmon. 
BSNL Olle et cea e soe Yellow and pike perches. 
Virginia: Wytheville.............. Largemouth and smallmouth black bass, rock bass, sunfish, crappie, 
brook and rainbow trouts. 
Washington: 
15/7 fe gl UPS cS a ee Sockeye and steelhead salmons. 
PITORVIOWE Stes 5-4 clk Sees! Humpback, silver, and steelhead salmons, blackspotted and rainbow 
trouts. 
Mrckapushes eet sss. 6n.cSEte Chum, humpback, silver, and steelhead salmons. 
Quilceene.......................| Chum, silver, and steelhead salmons. 
CAST UCTS AU Tae pa ge inns Si it al Chinook, silver, and sockeye salmons. 
bcs So es eee eee Chinook, silver, and steelhead salmons. 
Big White Salmon!...... ...--| Chinook salmon. 
LE CA iS ee Chinook and chum salmons. 
Little White Salmon!......... Chinook, chum, silver, and sockeye salmons. 
Washougal River!............ Steelhead salmon. 


West Virginia: White Sulphur | Smallmouth black bass, rock bass, sunfish, brook and rainbow trouts. 


Wisconsin: La Crosse........-...-. Brook trout, pike perch, rescued fishes. 
Wyoming: 
EG ee Blackspotted, rainbow, Loch Leven, and brook trouts. 


Yellowstone National Park 2...) Blackspotted trout. 
1 Auxiliary of Clackamas (Oreg.) hatchery. 2 Auxiliary of Bozeman (Mont.) hatchery. 


DISTRIBUTION OF THE OUTPUT. 


The output of the Bureau’s hatcheries and collecting stations has 
reached every State, together with Alaska, District of Columbia, and 
Hawaii. Individual applications, indorsed by Senators and Repre- 
sentatives in Congress, for fish for public and private waters were 
filled to the number of more than 8,000, in addition to which about 
1,000 special plants of fish were made in public waters of the various 
States on the initiative of the Bureau’s local representatives. 
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In making distribution from the hatcheries and collecting stations 
the Bureau’s cars traveled 91,525 miles, and detached messengers in 
charge of baggage-car shipments of live fish and fish eggs covered ap- 
proximately 400,000 miles. 

Two new steel railway cars, especially constructed and equipped 
for the transportation of live fishes, were put in commission during 
the year. These cars were built by the American Car & Foundry Co., 
of Wilmington, Del., and cost, including boilers and pumps, $29,416 
and $29,733, ‘respectively. In each car is embodied the most ap- 
proved methods of railway-car construction, and the equipment in- 
cludes some specially designed aerating apparatus not previously 
used, which has resulted in a material saving of fuel. The noteworthy 
economy effected in the distribution of the Bureau’s output has been 
brought about by the increased carrying capacity of the new cars, 
which amounts to nearly 35 per cent over that of the other cars now 
in use. Formerly the distribution cars were equipped with an inde- 
pendent steam plant to supply the air needed for the safe conveyance 
of live fishes. The new cars are provided with an apparatus whereby 
the necessary air is obtained from the “ train line,” thus resulting in 
a material saving of fuel. A further saving in air has been accom- 
plished by discarding the specially made hard-rubber air-hberator 
holders formerly used, and substituting one-eighth inch galvanized 
tees. The hard-rubber holders cost about $1 each and were subject 
to frequent breakage. The tees cost 5 cents each and will wear in- 
definitely, at the same time adequately meeting all requirements. The 
size of tubing used in conveying air to the fish has also been reduced 
from three-eighths to one-fourth inch. 


RELATIONS WITH THE STATES. 


Closer cooperative relations now exist between the Bureau and the 
State fishery officials than at any previous time. Each year adds to 
the number of field stations operated jointly by the Bureau and the 
States under an arrangement that reduces expense, increases the out- 
put, and promotes the efficiency of the work of both parties. 

Acknowledgment is made of the valuable assistance rendered to the 
Bureau by various State fishery authorities during the year. In 
some instances the material aid proffered by the States has made 
possible the conduct of extensive fish-cultural enterprises that other- 
wise would have been greatly curtailed. The ever-increasing cost of 
labor and materials has taxed the Bureau’s appropriations to the 
limit, but by means of State assistance it has been possible to carry 
to a successtul outcome several important projects. 

In only comparatively few cases have the States failed to respond 
to the Bureau’s desire to establish mutually helpful relations. In 
one instance the Bureau has been constrained to abandon well- 
matured plans for the extension of fish-cultural operations in behalf 
of a State because of what appeared to be the intention of the local 
authorities to set aside the essential provisions of a law that afforded 
some protection during the spawning season to the fishes in whose 
artificial propagation and distribution the Bureau was spending 
many thousands of dollars. 

During the year 1920, 24 State fish commissions received from the 
Bureau assignments of fish and fish eggs aggregating 232,137,000 
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eggs, 3,016,000 fry, and 660,000 fingerlings. ‘The eggs were mostly of 
commercial fishes of the Great Lakes and Pacific coast, furnished to 
State hatcheries for incubation, with the intention of having the re- 
sulting young planted by the State officials in suitable local waters. 
The fingerlings were for the most part fishes secured in rescue opera- 
tions in the Mississippi Valley. The details of this State cooperative 
work are as follows: 


ALLOTMENT OF FISH AND FisH Eces To STATE Fisu COMMISSIONS DURING THE 
FiscaL YEAR 1920. 


[All figures are for eggs unless otherwise indicated. Fingerlings are designated a and 


aang sl 
State and species. Number. State and species. : Number. 
Arkansas: Rock bass. ..........---.. a3,000 || New Jersey: 
California: Chinook salmon.......-... 4, 235, 000 Pikeperche 21a. 2 oe. 2 SoBe fee 1, 000, 000 
Idaho: Rainbow troutieij2t.lth 3. 22,000 
Blackspotted trout.............. 25,000 || New York: 
Ciinioor salmon: 2.020). 2 2.2.5 30, 000 akeMerminy esi c.0 250 ese ose 87, 700, 000 
Illinois: } Wihifefishhs 2222. ot eee. 2,800, 000 
LTA SR a 2600 Paketrout oc. ouch sce. anne san snl 1,600, 000 
Anil hae Bee ee ee 2261, 200 Landlocked salmon............- 30, 000 
TE) 2) 05 (pie A ee ees eee a4, 3007)| Obio:: Whitefish ..< 22 Sea. wees ee 50, 000, 000 
Ui.) nl Ee as lal le eae 2270 || Oklahoma: Rainbow trout.......... a4, 380 
Maliaw percn.*. 2.2.5.6. 25... a450 || Oregon: 
SU ee ere ee @158, 500 Blackspotted trout... 105, 000 
POMBO Gam sth whoo = = oh k's ~ Pata coe sauna 3 ey) 000 
ainbow trout... 100, 000 
Rainbow trout......-.----- ete a3; 000 Sockeye salmon... 3, 000, 000 
Iowa: Rainbow trout...........-... 98) 400 Steelhead salmon. =a 700, 000 
Maine: Landlocked salmon.......... 417,105 || South Dakota: Brook tr utc! ia a2, 400 
Maryland: Utah: 
BRR IOTN gen oooh binds Ly oe ee Brook woot eee yee gee 210, 000 
= 5 RBINDOW, BLOW. «once cosere cone a98, 000 
Rainbow at Ik Ee he ee oe a3) 200 Vermont: ; 
wikia Chinook salmon TE a7, 500 Lake Gros act eee. ase { 2, i 
LSS ge a ee 1,000, 000 Landlocked salmon............. 20, 000 
VQ ELC Le SE eee 20, 150, 000 Steelhead salmon.....-.......... 25, 000 
akonermng®: 2.262325 520. 22 2,000, nad ey perch Se aaa a at 24, 000, 000 
25, 00! ECUIOW DOLCD santos ss he ee anne ate oe 63, 000, 000 
Landlocked salmon............. { 616,600 || Washington: 4 ped 
1221 ch OE ee a ae 55, 125, 000 Blackspotted trout.../.........- 150, 000 
Minnesota: Take wlOUul cen sesame seceee eee. 25, 000 
PRIMER MRS © Seni fetes aos Se one 15,550 | Steelhead salmon...........-.... 75, 000 
(OSV: Leal pees Re ae ae a20,405 || Wisconsin 
eames: See hed 27 745 hi a2’ 500 | Blanksbass Le IO. a9, 550 
Rirrepaesen we ge oe a9, 950 Catfish: Sense See as Ue 16,750 
ARGINOU. c+ Seco ess. ts sce cece: 200, 000 Orapplel 2. tas. aecneeee eee ceey a5, 000 
Steelhead salmon................ 25, 000 Sunfish 7-0 -2e-< ee aes shat coe 210,350 
Montana: MWONOWADEUGD wes oe eeeinee ce caesar a700 
Blackspotted trout.............. 247,600 | Winigenish STS 2 Te). Ab ty 13, 680, 000 
IV ee eee eee 50,000 || Wyoming: 
REDD We ULOW be 2.5 220s 5255555. 1,540, 000 | Blackspotted trout.............. 100, 000 
Nevada: : Hake troutss seems ccc ee tek ae 20, 000 
LOU int) ee oe a 78, 400 | MSINDOW TIOULS 2 occas maces ons 48, 000 
Rainbow trout; ..0.-2652. 62... 106,600 | —————— 
New Hampshire: 232, 137, 505 
PEAR GMOUG 22 Shoop = mas aera ss. 25, 000 Totalszancs aA ees oe ne a6§60, 055 
ALE UG ce Re es ee 400, 000 63, 016, 600 
Ke DEDEN eet of esse ea cea. 2,500, 000 


There appears to be no evidence that the State of Maryland PE 
to meet the conditions imposed by Congress in the matter of the 
reopening and operation of the hatchery “at the head of Chesapeake 
Bay, near Havre de Grace. This hatchery was closed by order of the 
Secretary of Commerce on January 27, 1917. The condemnation and 
sale of the property should be considered. 

In making original plants of nonindigenous fishes in the waters of 
any State, the general policy and practice of the Bureau are to defer 
to the recommendations of the State fishery officials, Individual ap- 
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plications are referred to the State commissioners, and no applica- 
tions are filled without their consent. Being impressed with the im- 
portance of safeguarding State waters from the damage that may 
result from the introduction of unsuitable fishes, the Bureau has, for 
a number of years, in cooperation with the States concerned, sought 
to discourage the planting of basses, perches, pikes, and other fishes 
of known predatory habits in the Pacific States, because of the injury 
that may be done to the young salmon and trout, which already 
have enough natural enemies with which to contend. This policy 
meets with some opposition from sportsmen and from persons who 
wish to stock private or small public waters with fishes that are 
different from those occurring locally. It is well known that there 
exist in the Pacific States numerous waters not inhabited by salmon 
and trout in which basses and other spiny-rayed fishes would thrive, 
but it appears unwise to make exceptions, because there is always the 
possibility of the introduced fishes escaping at times of flood or 
becoming established by other means in trout or salmon waters. 
The results that would be liable to follow are such that the Bureau 
would not wish to share any responsibility therefor, and its proper 
course undoubtedly is to continue refusing to entertain applications 
of that character even if State officials should be inclined to yield 
to strong importunities. 


PROPAGATION OF PACIFIC SALMONS. 


While the egg collections at the Pacific salmon stations for the 
year showed a decrease of approximately 7,000,000 as compared with 
1919, the net results of the year’s work must be regarded as satisfac- 
tory. There has been no abatement of the serious handicap imposed 
on this work by the excessive cost of materials and the scarcity and 
cost of labor. Increased appreciation of the Bureau’s work by the 
extensive commercial interests in the salmon fishery is indicated by 
their requests for its further extension and by the cooperative as- 
sistance they have rendered. 

At the Afognak station the spawning season of the sockeye salmon 
began July 26, and by August 22 eggs to the number of 73,133,000 
had been laid down in the hatchery, filling all available space. A fur- 
ther collection of approximately 6,000,000 eggs was made on Sep- 
tember 8, and installed for incubation in boxes of gravel in accordance 
with the method developed by A. Robertson, at the Harrison Hot 
Springs hatchery in British Columbia, bringing the total egg collec- 
tions to 79,178,000. 

Unusually favorable conditions prevailed during the spawning 
season, the Litnik River and its tributaries being at a stage to permit 
of the easy ascent of fish and at the same time allow the installation 
of the racks. The winter was also mild, with but little snow, and com- 
munication between the station and the village was rendered simple 
by the absence of ice in the bay and snow on the tramroad. The egg 
collections exceeded those of the previous year, and it was estimated 
that the fish taken for artificial propagation did not represent more 
than 50 per cent of the spawning salmon that entered the lake. After 
the completion of the egg collections, the racks were removed in order 
that the remaining fish might have free access to the natural spawning 
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beds, and as late as September 18 green fish in considerable numbers 
were observed at the mouths of creeks tributary to the lake. The run 
of salmon in Litnik River has shown a steady increase since the vol- 
canic eruption in 1912, at which time it was practically destroyed. 

During October 10,000,000 eyed sockeye eggs were forwarded to 
Seattle, Wash., arriving there in excellent condition. From that 
point 7,000,000 were diverted to the Quinault Lake hatchery and 
3,000,000 were consigned to the State Fish and Game Commission’s 
hatchery at Bonneville, Oreg. In March a lot of 3,300,000 eggs 
whose development had been retarded as much as possible was trans- 
ferred by a steamer of the Pacific American Fisheries Co., to Ikatan, 
Alaska, in charge of an employee of the Afognak station. The eggs 
were incubated on trays in one of the buildings belonging to the com- 
pany, and the resulting fry were liberated in May in tributaries of 
Ikatan Lake. 

The total destruction of the retaining rack at Yes Bay by the 
heavy drift brought down by the high water of September 17, the 
sixth day of the spawning season, reduced the collection of sockeye- 
salmon eggs at that station to the lowest point in its history, only 
9,752,000 being secured. After the destruction of the rack, seining in 
the river was continued up to September 24, but with unsatisfactory 
results, as with no barrier to stop them the majority of the fish 
passed upstream. The eggs obtained were of good quality and 
hatched with a loss of less than 4 per cent. The output of the sta- 
tion, including 8,628,000 fingerling fish carried over from the pre- 
vious year, amounted to 12,678,000 sockeye-salmon fingerlings, and 
at eh close of the fiscal year 5,355,000 fish were still in the station 
ponds. 

In addition to the fish-cultural operations outlined, a considerable 
amount of construction and repair work essential to the proper main- 
tenance of the station was undertaken. The importance of these re- 
pairs has been apparent for several years, but because of their exten- 
siveness it has not been possible to set aside from the appropriation 
for salmon propagation a sufficient amount to meet the requirements 
without curtailing seriously the fish-cultural part of the work. The 
unsafe condition of the water-supply flume has long been the cause 
of much worry, and as it appeared to have reached the full limit of 
endurance at the end of the fiscal year 1919, it was decided to use the 
regular allotment for installing a pipe line, a right of way having 
already been surveyed, and thus give the station a water supply for 
present needs, with ample reserve for future expansion of the hatch- 
ery, and at the same time furnish power for a lighting plant. Six 
thousand feet of woodstave pipe were obtained, and 2,300 feet of tres- 
tle for carrying the pipe were constructed. The available funds were 
not sufficient to carry the work to completion because of the prevail- 
ing high prices of all material and labor, but the importance of fin- 
ishing the project and of making other essential repairs at the 
earliest possible date is indicated by the collapse during the winter 
of more than 100 feet of the old flume. Because of the small number 
of troughs required to accommodate the light collection of eggs, no 
loss of eggs was occasioned, though the hatchery was without an ade- 
quate supply of water for several hours. On account of the decayed 
condition of floor timbers and foundation posts, a number of hatch- 
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ing troughs were overturned earlier in the season by the support on 
which they stood breaking through the fioor. No loss occurred, but 
had the hatchery been filled with eggs or fry, as would have been the 
case in a normal season, either of these incidents could not have failed 
to result in a large loss of stock. The trestle, constructed primarily 
to carry the new pipe for water supply, is built to accommodate a 
tramear, thus making available for the convenient use of the station 
a large amount of timber suitable for fuel and also for lumber. 
Other important work accomplished by the station employees, with 
material already on hand and without additional expense, was the 
replacing of 1,600 feet of plank walk about the station grounds, com- 
pleting new foundation for the superintendent’s residence, construct- 
ing 1,320 feet of tramway from the hatchery to the boathouse on the 
lake shore, and equipping it with 12-pound iron rails. This com- 
pletes the tramway, extending from tidewater to the hatchery, over 
which all supplies reach the station. 

From the stations in the Washington field, not including Quinault, 
the total output for the year amounted to 29,956,700 eggs, fry, and 
fingerlings, these figures including 125,000 eyed steelhead-salmon eggs 
supplied to applicants. While this output was somewhat below the 
previous season’s, the falling off is attributable to a series of untoward 
circumstances rather than to a decrease in the run of salmon, and a 
gratifying increase in the yield of sockeye and silver-salmon eggs is 
to be recorded. 

On July 21, 1919, all the buildings and equipment at the Baker 
Lake station were destroyed by fire. As immediate action was neces- 
sary to safeguard the eggs available from the sockeye salmon already 
entrapped there, funds intended for use in other fields were diverted 
for this more important purpose. As a consequence operations had 
to be discontinued for the year at Darrington, Day Creek, and Ilabot 
Creek, at each of which points traps, flumes, and other equipment 
had suffered damage from fioods and ice during the winter, and 
funds were not available for making repairs. 

Low water in Grandy Creek and Skagit River during the spawn- 
ing season of the humpback and chinook salmons curtailed egg 
collections for the Birdsview station. The run of humpbacks was 
light, but chinooks were in evidence in the river, though beyond the 
reach of traps or seines and unable to attain the spawning grounds 
in the tributaries. The number of eggs taken was 74,000 of hump- ' 
backs and 54,000 of chinooks. Conditions were better during the 
silver-salmon run, and 2,198,000 eggs were secured. This stock was 
augmented by the transfer of 2,418,000 eggs from the Baker Lake 
collections. Steelhead-salmon eggs to the number of 255,000 also 
were taken at Birdsview. 

The largest run of sockeye salmon recorded during the past 10 
years occurred at the Baker Lake station. The first fish entered 
the trap at the lake outlet on July 1, and the run continued until 
August, during which period 7,800 fish were taken and transferred 
to the retaining inclosure for ripening. At spawning time 3,835 of 
the number on hand—about 49 per cent—were females, which 
yielded 11,150,000 eges of good quality. Approximately 200 of the 
female brood fish escaped from the retaining inclosure during a 
sudden rise in the lake, the racks at either end of the inclosure 
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being somewhat out of repair; material for repairs to these racks 
was destroyed by the fire already mentioned and could not be re- 

laced in time. A large run of silver salmon also occurred in Baker 
Lake, but the river stages were low during the early part of the fall, 
and fish did not ascend to the lake until November, when the heavy 
rains in progress caused a rise of 125 feet above normal, overflow- 
ing the trap and permitting many of the fish to escape. The total 
collection of 2,600,000 eggs was transferred to Birdsview imme- 
diately after being eyed. The sockeye eggs passed through the 
incubation period with only nominal losses, and 10,250,000 advanced 
fry were returned to Baker Lake. 

After the fire of July 21, which destroyed the hatchery, mess house, 
blacksmith shop, oil house, foreman’s cottage, and other small build- 
ings, with all tools and hatchery equipment, it required the most 
energetic efforts on the part of the station personnel to complete ar- 
rangements in advance of the spawning season in September for 
handling the large numbers of eggs it was expected to collect from the 
brood fish on hand. The task was especially difficult because of the 
location of the station with regard to transportation facilities, the 
nearest railroad station being 18 miles distant and accessible only by 
pack horses. The first eggs were placed in eight troughs constructed 
from lumber salvaged from the fire. By October 6 a new sawmill was 
in operation, and 40 new troughs had been constructed from lumber 
manufactured on the grounds. In equipping the troughs to receive 
eggs and fry, more than a thousand trays of three-fourths inch 
strips covered with wire mesh were required. Early in November the 
special appropriation of $50,000 provided by Congress for the recon- 
struction of the station became available, when the station force was 
augmented by the employment of temporary labor. The sawmill 
machinery was housed by a building 50 by 80 feet, a temporary shelter 
was erected over the hatching troughs, and the work of cutting timber, 
clearing the grounds of wreckage from the fire, and operating the 
sawmill was pushed as rapidly as possible. The sawmill and con- 
struction work had to be suspended during the winter, as ice in the 
lake prevented the movement of logs to the mill, but it was resumed 
by March 20, and at the close of the fiscal] year the lower frame for 
the new hatching building had been completed. This building is 56 
feet wide and 130 feet long, with 12-foot walls. It will contain 150 
standard salmon troughs, and with the contemplated tray system. it 
will have a capacity for handling approximately 40,000,000 eggs and 
fry to the feeding stage. 

Although climatic and other conditions were unfavorable at the 
Duckabush station, the egg collections exceeded those of several years 
past. The summer run of chum salmon was very good, and 5,450,000 
eggs were obtained. The fish were taken in trap and seines at the 
mouth of the river, and transported by autotruck a distance of 3 
miles to the hatchery without washing, this method having proved 
the most satisfactory in making transfers of green eggs of the chum 
salmon. The “water-hardening” process is delayed by permitting 
the eggs to remain unwashed in the milt, and experiments conducted 
last season indicate that eggs reaching the hatchery within an hour 
after being taken suffer little loss, while those held for a longer period 
invariably show a serious mortality. An excellent run of steelhead 
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salmon occurred at this point, but because of high water the egg col- 
lections were not large, aggregating only 405,000. Another untfavor- 
able feature was the necessity of transferring male fish from the 
Quilcene station, as the run in the Duckabush River appeared to be 
largely made up of females. 

At the Quilcene station the numbers of all species of salmon reach- 
ing the racks were small, and as a consequence the egg collections 
were not as large as last season. This section of Hoods Canal is sub- 
jected each year to active fishing by purse seines, and the high prices 
of recent years have been an added incentive to such operations. 
While the law prohibits the use of seines within a certain specified dis- 
tance of the mouths of all salmon streams, a large number of spawn- 
ing fish are taken directly in the mouths of certain streams entering 
the canal, to the detriment of the Bureau’s work and the future sup- 
ply. The eggs taken at Quilcene station during the year were 
2,200,000 chum, 1,130,000 silver, and 460,000 steelhead. In addition, 
2,402,000 chum-salmon eggs were transferred from the Brinnon col- 
lecting station. At Sultan, where the year’s work in fish culture com- 
pares favorably with that of other years, there were taken 3,167,000 
silver, 185,000 chinook, and 92,000 steelhead eggs. Practically all of 
the silver salmon were taken during the period between November 1 
and December 15, when commercial fishing is restricted at the mouth 
of the Snohomish River, and but few eggs were secured after the be- 
ginning of commercial operations. 

The collection of sockeye-salmon eggs at the Quinault station— 
8,035,000—exceeded the take of the preceding year by over 60 per 
cent. During October this station was supplied with 7,000,000 sock- 
eye eggs from the Afognak station. This shipment was made with 
two objects in view, namely, to relieve the crowded condition of the 
Afognak station, where more eggs had been taken than could be 
cared for locally, and to maintain the sockeye salmon in Quinault 
Lake, this lake and Baker Lake being the only places in the United 
States outside of Alaska where important spawning grounds of the 
sockeye salmon exist. When the first eggs were taken, on October 
28, and up to November 14, spawning operations were rendered diffi- 
cult by the low water, but on November 15 a rise of more than 13 
feet occurred in Quinault Lake, overflowing the racks in all streams 
and permitting many salmon to escape. Fishing was resumed 
on November 19 and continued until December 16, when there was 
a second rise, followed by the escape of many more spawning fish. 
In connection with the sockeye operations, 750,000 silver-salmon 
eggs were taken. Notwithstanding that the run of this species ap- 
peared to be in excess of last season’s run, the egg collection was 
much smaller, this being one consequence of the prevailing floods. 
It is a characteristic of the silver salmon to enter spawning streams 
in the largest numbers in times of high water, and many fish passed 
the retaining racks while they were submerged. Chinook-salmon 
eggs to the number of 40,000 were secured. During December the 
station experienced a period of the coldest weather ever recorded in 
that region, the thermometer registering for a time just above the 
zero mark. This occasioned the loss of a number of sockeye-salmon 
fry in the rearing ponds and necessitated the immediate liberation 
of others in the lake, 
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Experiments were conducted to ascertain the value of seal liver 
as food for young salmon as compared with other foods in general 
use. At the close of the year there was no appreciable difference in 
the size or condition of the fish receiving the seal-liver diet, as com- 
pared with other lots feeding on pork liver and fresh fish. 

The usual work of rescuing salmon and trout fingerlings from poo!s 
that become dry during the summer was taken up in July and 
August, and upward of 10,000 fingerlings of the silver salmon and 
blackspotted trout were taken and returned to deep waters. At the 
close of the fiscal year there remained on hand at the station 1,500,000 
sockeye fingerlings. 

An outstanding feature of the salmon work in the Oregon field 
was the successful rearing of an increased number of chinook salmon 
to the fingerling stage. The output of chinook fingerlings from the 
Columbia River stations, including 75,000 retained at the end of the 
year for marking, exceeded 29,000,000, all of them being of Nos. 2, 
24, and 3 fingerling size. Another interesting point in connection 
with this work was the very satisfactory outcome of experiments in 
the use of frozen salmon eggs for fish food. Approximately 13,000 
pounds of the immature spawn of salmon taken by commercial fisher- 
men were purchased’ from local canneries at 5 cents per pound and 
held in cold storage at Portland for use as needed. In preparing it 
for feeding to the young salmon, the frost was extracted by sub- 
merging it in coid water for a few hours, after which it was cooked 
in a double boiler for two and one-half hours, being stirred at fre- 
quent intervals while cooking. Salmon fry receiving a regular diet 
of this material, with an occasional meal of beef spleen, made more 
rapid growth, were more vigorous, and suffered less mortality than 
any lot of fish previously reared in this region. The cost of the eggs 
is more than that of salted flesh of the spawned-out salmon, which 
has been used so extensively at all of the Pacific coast stations, but its 
demonstrated superiority as a food for young fish would seem to 
warrant its purchase in larger quantities during the year 1921. 

Notwithstanding that the very active commercial fishery conducted 
in the Columbia River each year was augmented last season by an 
increased number of drift-net and trap-net fishermen, chinook-salmon 
eggs in excess of 20,000,000 were taken at the Little White Salmon 
station, the spawning season being from September 19 to October 15. 
The operations were not altogether favorable, as both the Columbia 
and Little White Salmon Rivers were at low stage throughout the 
period the fish were running. The chum and silver salmons, until 
recently practically ignored by Columbia River fishermen, were 
sought during the past season as eagerly as the chinook. Collections 
of eggs of these species amounted to 204,000 chum and 27,000 silver. 
Transfers of eyed chinook eggs were made to provide room for the 
feeding of fry and also for the purpose of improving the run of the 
species at other points. The Clackamas station received 2,110,000, 
he Clackamas 800,000, and the State hatchery at Bonneville 
4,000,000. With the exception of 750,000 advanced fry which were 
retained in the wide water above the rack, all the fish resulting from 
the eggs remaining at the station were reared to fingerling sizes Nos. 
2 and 3, and more than 11,250,000 were returned to the river. 
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The operations at the Big White ‘Salmon proved successful in 
every respect, 16,000,000 chinook-salmon eggs being collected during 
the spawning season, as against 10,665,000 last year. Nearly half of 
the eggs collected were obtained from fish taken in Spring Creek, 
thus seemingly furnishing direct evidence of the efficacy of the 
hatchery and in support of the “ parent-stream ” theory, as the natural 
conditions that existed at the mouth of this stream prior to the 
Bureau’s work were such as to preclude the ascent of salmon; the 
fishway provided to make this stream accessible to the fish proved 
satisfactory in all respects. Fish entered the stream in such large 
numbers that at one time it was feared the natural flow of water 
would be insufficient to hold them without loss. To guard against 
this, a flume of temporary construction was laid along the bank, with 
splllways at frequent intervals to insure more thorough aeration of 
the water. The advantages gained from this work are that Spring 
Creek is adjacent to the hatchery, and eggs taken therefrom are of 
a much better quality than those secured from the Big White Salmon 
River. Eggs from Spring Creek are in the hatching baskets before 
hardening has taken place, whereas several hours must elapse before 
eggs taken from the river reach the hatchery. It is frequently neces- 
sary to transport the eggs by boat in the rough water of the Columbia, 
which has a tendency to increase the loss. Of the eggs collected 
3,000,000 were shipped in the eyed stage to other stations, and from 
the remainder 11,600,700 large vigorous fish were liberated in the Co- 
lumbia River tributaries. The loss on eggs and fish throughout the 
season was very light. 

The usual preparations were made for the collection of chinook- 
salmon eggs at the Rogue River station, the only modification of the 
work being the installation of the head rack early in April. By this 
means some of the early-run fish were stopped. The slight increase 
in the egg collections from the river may be attributed to this cause, 
as very few fish are able to reach the upper portions of the stream 
after commercial fishing begins on April 15. It is expected that 
favorable action will be taken by the next legislature on a bill to 
shorten the fishing season, and it is believed that the results of this 
action and of the new fishway in the Ament dam will be manifested 
in an increasing number of eggs taken another season. Chinook- 
salmon eggs to the number of 1,362,000 were collected; these, with 
1,020,000 received from the State hatchery, were successfully hatched, 
resulting in an output of 2,306,700 No. 2 fingerlings. 

At the Applegate Creek station the destruction by flood, during 
the winter of 1918-19, of the irrigation dam by means of which 
the station secured its collection of eggs necessitated new construction. 
As the principal egg collections occur during winter, frequently when 
the river is at flood stage, it was necessary to construct a barrier of a 
permanent nature, and a fin rack anchored to cement piers, with 
traps at the shore line, was thrown across the stream. The structure 
has operated successfully and withstood the floods of last winter 
without damage. In undertaking this work it was necessary to wait 
for low water, which occurred during October and November. It 
was impossible to complete the structure in time to stop the run of 
silver salmon, which was light, and lasted but two days. As at the 
Rogue River station, low water prevented the main body of the fish 
from reaching the spawning grounds, and the collection of steelhead- 
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salmon eggs was reduced fully 50 per cent from this cause. The 
season’s take was 2,086,000 steelhead eggs, of which 600,000 were for- 
warded to the Rogue River station and 700,000 to the State hatchery 
at Butte Falls. The remainder were hatched and the resulting fry 
liberated in Applegate Creek and other near-by tributaries of the 
Rogue River. 

Acknowledgment is made of the cordial assistance received from 
the Oregon Fish and Game Commission and the local cannery inter- 
ests. Without their cooperation the extensive feeding of salmon 
ur was conducted in the Oregon field would not have been pos- 
sible. 

The drought, adversely affecting fish-cultural work in southern 
Oregon, extended to California, the past winter being unusually mild 
_and almost without rain. The reduced egg collections in California 
are attributed partly to that cause. The racks installed in the Mc- 
Cloud River during the latter part of the fiscal year 1919 resulted in 
the collection of 1,350,000 eggs of the spring-run chinook salmon. 
These were incubated without undue loss, and the fry were reared to 
fingerlings. During the incubation period the gravity flume was 
without water, and the hatchery was supplied by pumping from the 
McCloud River. The racks were removed after the spring run of 
fish was over, as the fall run of fish at this point has never been sufli- 
ciently large to warrant the expense involved in taking eggs. The 
racks have again been installed for the 1920 season for the spring run 
of salmon, but the indications are that the effort will meet with 
failure. The conditions existing at the irrigation dam at Redding 
have not been remedied, and this, in connection with the protracted 
drought, has prevented salmon from: ascending the Sacramento 
River. Notice was served on the responsible persons by the Califor- 
nia Fish and Game Commission to construct a fishway in accordance 
with the laws of the State, and plans of a suitable structure were 
furnished, but this notice was ignored. The matter is now in the 
hands of the legal authorities, who should take prompt action to com- 
pel compliance with the law. 

At Battle Creek the collections totaled 4,078,000 eggs, as against 
5,384,000 the preceding year. The usual shipments were made to the 
State hatchery at Sisson, and from those kept at the station 3,619,000 
No. 1} fingerlings were produced. Some further work was performed 
on the pond system established last season, and the pipe line and 
supply ditch were completed. The decrease in the number of eggs col- 
lected at the Mill Creek station is larger than at Battle Creek, 6,358,000 
being the total for 1920, while 17,284,500 were secured last season. 
Shipments to the number of 4,000,000 were transferred to the Sisson 
State hatchery in the eyed stage, and 2,122,000 fingerlings were pro- 
duced from the remainder. 

The stack-tray system of handling eggs and fry was tried at sta- 
tions in this field, with as satisfactory results as have been derived 
from that form of apparatus at other salmon stations. 


PROPAGATION OF COMMERCIAL FISHES OF THE GREAT LAKES. 
Climatic conditions during the spawning seasons of the principal 


fishes of the Great Lakes were peer variable and on the whole 
very unfavorable in 1920. The lakes in fall, early winter, and spring 
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are subject to severe storms and sudden variation in temperature. 
It is at the spawning season that the commercial fishermen obtain 
their principal catch, and the Bureau is dependent almost entirely 
on the results of their efforts for its supply of eggs for artificial 
propagation. It follows that the outcome of any season’s work de- 
pends largely upon the extent to which the fishermen are able to ply 
their trade. There are, of course, other factors that make for the 
success or failure of the work, but the weather conditions are the 
governing factor. 

Collections of whitefish eggs were made in each of the five Great 
Lakes, and there were taken 420,425,000 eggs against 550,868,000 for 
last season, the largest numbers, as usual, from Lake Erie. The de- 
crease was not ascribable to any failing off in the number of fish on 
the spawning grounds. On the contrary, there was an excellent run 
of fish, fully equaling, if not exceeding, that of last season. The out- 
come was due entirely to unfavorable weather that prevailed through- 
out the egeg-collecting periotl. 

The field work in Lake Erie yielded 317,360,000 whitefish eggs, the 
most productive points being Port Clinton, Middle Bass Island, Put 
in Bay, Monroe, and Isle St. George. While the collections were 25 
per cent less than in the previous year, the eggs were of excellent 
quality'and the percentage of healthy fry was the highest ever 
attained at the Put in Bay station. Transfers of eggs were made to 
the Ohio, Michigan, and Minnesota fish commissions and to the 
Bureau’s hatcheries at Duluth and Charlevoix. The eggs that were 
retained produced 200,000,000 fry, which were planted in local 
waters. The mean incubation period was 133} days, 10 days longer 
than in the previous season, with the mean water temperature 2° F. 
lower. 

Acceding to the urgent requests of persons interested in the com- 
mercial fishery for carp in tributaries of Lake Erie, the artificial 
propagation of this species was resumed in the spring of 1920. A 
battery was set up at Port Clinton and the same methods of manipu- 
lation that proved successful last season were employed. The results 
were satisfactory, 47,250,000 eggs being obtained from fish taken in 
seines by the commercial fishermen and 37,800,000 fry produced and 
liberated. The first eges were taken on June 2 and hatched on the 
fifth day after being placed in the jars, the eye spots appearing on 
the third day. Eggs taken later in the season eyed on the second 
day and hatched on the third, in a mean temperature of 744° F. 
The collections of last season amounted to 28,500,000 eggs. The local 
fishing interests are in the heartiest accord with this work and have 
rendered valuable assistance by furnishing a building, men, and 
equipment. 

The collection of whitefish eggs was undertaken for the Charlevoix 
hatchery at the usual points in Lakes Michigan and Huron. Rough 
weather so interfered with fishing operations that the take of eggs 
was reduced to approximately one-half of last season’s, only 17,- 
680,000 being obtained, but all were of unusually high quality and 
produced healthy fry. Because of the widely separated points at 
which the ahitee er fishery is conducted, the establishment of a field 
-station, provided with suitable crates for holding the fish for ripen- 
ing, located at some central point on the north shore of Lake Mich- 
igan, should be considered. 


REPORT OF THE COMMISSIONER OF FISHERIES. $7 


Just prior to the whitefish spawning season on Lake Ontario 
arrangements were made with the Dominion and Ontario provincial 
fishery authorities for the cooperative collection of eggs in the Cana- 
dian waters of Lake Ontario. Under this arrangement it was agr eed 
that the first 30,000,000 eggs obtained by American spawn takers in 
Canadian waters should be delivered to the provincial hatcheries, but 
that all collections in excess of that number were to be sent to the 
Cape Vincent station. It later developed that the provincial hatch- 
ery required only 21,800,000 eggs, and that was the actual number 
furnished. The plans outlined early in the season provided for 
collecting stations at Deseronto, Bygotts Point, and along the shore 
near South Bay, Ontario. A severe storm during the first week of 
operations precluded any collections, and when the weather improved 
the season was well advanced. At this time the market price of 
whitefish dropped to 6 cents per pound, which resulted in the practi- . 
cal abandonment of the fishery at Deseronto. Still another incident 
that had the effect of further handicapping the fish-cultural work at 
this point was the opposition by fishermen to the recent action of 
Dominion and provincial fishery authorities in closing certain sec- 
tions of the upper reaches of the Bay of Quinte to commercial fishing. 
This feeling was reflected in the failure of many of the fishermen to 
lend assistance. Only 6,300,000 whitefish eggs were obtained in the 
Deseronto field, but there is reason to believe that by establishing 
better relations with the local fishermen, and with favorable weather, 
this point can be extensively developed as a collecting station. At 
Bygotts Point and South Bay the fishermen were in hearty accord 
with the work and rendered valuable assistance. However, the 
weather was a serious drawback, and egg collections at both points 
suffered therefrom. At South Bay, for “example, the total take of 
whitefish eggs for the season was 39,805 000, of which number 25,- 
000,000 were taken in two nights of favorable weather. Bygotts 
Point. station yielded 30,560 000 eges. Each of these fields is com- 
paratively new, being occupied for the second time only, but promises 
to be very productive when fully developed. On the grounds near 
Cape Vincent 8,800,000 eggs were secured, bringing the grand total 
for the season to 83,665,000 eggs. In addition to those turned over 
to the Province of Ontario, 2 8004 000 eggs were shipped to the New 
York Conservation Commission, 2 2,500,000 eyed eggs were planted in 
Lake Ontario, and small lots of eyed egos to the number of 1 ,900,000 
were shipped to Central Station, the New York Aquarium, and 
Warren, N. Y. The remainder were retained at the station and the 
resulting fry returned to the waters of Lake Ontario. 

In the lake herring or cisco work on Lake Ontario no new fields 
were entered in 1920. Collections of eggs from the catches of the 
fishermen were made at Sodus Point, Fairhaven, and Cape Vincent 
to the number of 181,150,000. The eggs, which were of remarkably 
good quality, were disposed of in various ways: Some lots were 
sent to the Michigan Fish Commission, the New York Aquarium, and 
Central Station, and 87 700,000 were consigned to the New York Con- 
servation Commission. The remainder, “approximately 90,000,000, 
were retained at the Cape Vincent hatchery and yielded 73,505,000 
fry, which were planted in suitable local waters. 

The hatching of lake trout in 1920 was on about the same scale as 
in 1919. During the spawning season in Lake Superior the employees 
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of the Duluth station collected eggs at points on the north shore of 
the lake and at Isle Royale, Mich. <A few eggs of the early run were 
taken between September 23 and October 20, but the largest. collec- 
tions were secured later. The season closed in the last week of No- 
vember with a total take of 21,079,000 eggs. The results were disap- 
pointing, as from the number of fish on the grounds where commer- 
cial fishing is conducted along the north shore there was reason to be- 
lieve that a very successful season from a fish-cultural standpoint 
was assured. Because of the destruction of nets by storms, the collec- 
tions exceeded those of last year by only a small margin. Conditions 
on the south shore were even more unfavorable, and this field was 
abandoned shortly after November 1. 

For the Michigan stations lake-trout eggs were obtained at the usual 
points in Lakes Michigan and Huron. A large body of fish appeared 
during the spawning season, but the fishermen were able to operate 
their nets only at irregular intervals. <A total of 31,733,000 eggs were 
secured, most of which were of an average quality, though at certain 
points where only inexperienced help was available the quality was 
inferior. As indicative of the changing condition of the lake fish- 
eries, it is interesting to note that while for a number of seasons past 
enough lake-trout eggs were not obtainable to justify the expense of 
operations at the Alpena hatchery on Lake Huron, more eggs of that 
species were taken during 1920 in the vicinity of Alpena than at any 
other point on the lakes. Hf this situation continues, the advisability 
of resuming regular operations at this point may be worthy of con- 
sideration. Practically all of the lake-trout eggs collected in Michi- 
gan waters in recent years have been obtained from the fisheries in 
the vicinity of Charlevoix and Beaver Island, Lake Michigan. 

As in other parts of the Great Lakes region, the work of the Cape 
Vincent station in Lake Ontario suffered from stormy weather. Lake- 
trout eggs were sought at Pigeon and Stony Islands, but only a few 
days were suitable for fishing during the time the fish were on the 
spawning beds. While the run did not appear to be as large as last 
season’s, the total number of eggs taken from both points—941,000— 
was more than 200,000 in excess of last year’s collection. 

The season’s pike-perch operations on the Great Lakes and on Lake 
Champlain were on a much less extensive scale than in 1919. The 
winter of 1919-20 was severe, and very heavy ice formed on Lake 
Erie; nevertheless by the end of March the lake was free of ice and 
the pike-perch fishermen were able to set their nets earlier than usual. 
During the first days of the season the take of fish was very large, and 
a successful season in pike-perch hatching was anticipated. . There 
followed a period of cold weather, with snow and heavy winds, that 
had the effect of destroying many nets and of breaking up the schools 
of spawning fish. Operations for this species were continued longer 
than usual in the belief that a change in the weather would bring a 
return of the fish, but the season closed on May 10 with a total collec- 
tion of only 116,950,000 eggs. With the exception of 1,000,000 shipped 
to Central Station, all the eggs were incubated at Put in Bay and the 
fry liberated in Lake Erie. 

The success attending the experiments in connection with the 
propagation of pike perch in Saginaw Bay last season made it advis- 
able to resume the work this year. Some difficulty was experienced in 
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finding a suitable location for the establishment of a battery where 
a water supply free from chlorine was available. Such a place was 
eventually found at Bay City, and a battery of 100 jars was installed. 
Last season the sterilized water from the city supply proved entirely 
unsuitable for fish-cultural purposes, and practically all the eggs 
retained at Bay City were lost from this cause. In the spring of 
1920 large numbers of spawning pike perch entered Saginaw Bay, 
but because of certain difficulties in transportation the express com- 
pany at Bay City on several occasions placed an embargo on ship- 
ments of fresh fish. As suitable storage facilities were not available, 
the fishermen were forced to suspend operations during the time the 
embargo was in force. Under these conditions only 95,700,000 eggs 
were obtained, and because of the intermittent operations they were 
not of the best quality. Of the number taken, 40,575,000 were placed 
in the jars at Bay City for incubation, and the remainder were deliv- 
ered to the Detroit hatchery of the Michigan Fish Commission. The 
excellent facilities for pike-perch work in Saginaw Bay would seem 
to justify the establishment of a permanent station equipped to 
handle the large numbers of eggs that seem to be obtainable under 
favorable conditions. There is a strong public sentiment in favor of 
such an establishment. 

In continuance of the arrangement made last season for the collect- 
ing of pike-perch eggs in Turtle River in cooperation with the Minne- 
sota Game and Fish Department, 32,000,000 eggs were obtained as 
the Bureau’s share and were hatched under the direction of the 
Duluth station. At the hatchery on Lake Champlain 171,450,000 
pike-perch eggs were secured, as against 245,350,000 in 1919. The 
quality of both eggs and fry was superior in 1920, as a result of 
improved facilities and methods. Although the eggs were taken 
during a period of 15 days, yet within 48 hours after hatching 
began the incubation of all eggs on hand was completed. One-third 
of the eyed eggs were delivered to the Vermont Department of Fish- 
eries and Game under an agreement whereby a part of the expepse 
of the Swanton hatchery is borne by the State. 

In order to meet a demand and also to take advantage of oppor- 
tunities for increasing the supply of food fishes, the Bureau has 
continued to hatch yellow perch at Put in Bay, Cape Vincent, and 
Swanton, the last-named station having the largest output. At 
that place 30,000,000 eggs were collected, and 27,800,000 fry were 
hatched therefrom. After a suitable number of fry had been re- 
turned to local waters, the remainder were distributed to applicants 
in New York and New England. 

The value of the Bureau’s fish-cultural work addressed to the com- 
mercial species of the Great Lakes is very generally recognized, and 
that it should be extended as fully as possible is the opinion of all 
persons having an interest in the important industry. The Bureau 
is constantly being urged to undertake the further expansion of its 
activities, but is prevented from doing so by lack of the necessary 
funds. There are points in various sections of the Great Lakes region 
where profitable collecting stations may be developed that will pro- 
duce many millions of ripe eggs that at present.are a total loss be- 
cause they are sent to market in the fish. There is little reason to 
doubt that the annual output of whitefish, cisco, lake trout, pike 
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perch, and yellow perch can be very materially increased in all the 
Great Lakes if sufficient funds for the establishment and operation 
of new field stations can be obtained. 


‘ 


CULTIVATION OF FISHES OF MINOR INTERIOR WATERS. 


The active and increasing demand for fishes for lakes, ponds, and 
interior streams has in general been met by the various stations de- 
voted to the trouts, landlocked salmon, basses, crappies, sunfishes, 
etc. Asa rule, the applications for such fishes can be promptly filled, 
but the production of smallmouth black bass has never been equal to 
the demand, and the regular output of brook trout has had to be sup- 
plemented by the purchase of large numbers of eggs from private 
fish-culturists. 

The stations in the Rocky Mountain region in Montana, Wyo- 
ming, Utah, Colorado, and South Dakota have handled the native 
trouts and two introduced trouts, together with grayling, and the 
season’s output was of average volume. 

In the Montana field, with the Bozeman station as headquarters 
and with hatcheries in Yellowstone National Park and Glacier Na- 
tional Park as auxiliaries, the varied operations have been success- 
ful. The collections of rainbow-trout eggs in Madison Valley, aggre- 
gating 3,812,000, were only a little below the record take of the pre- 
_ vious year, and grayling eggs to the number of 700,000 were obtained’ 
in the same field. 

At the hatchery on Yellowstone Lake, in Yellowstone National 
Park, some of the eggs of the blackspotted trout taken from wild fish 
are incubated and the resulting young are deposited in park waters, 
while limited consignments of eyed eggs are made to the Bozeman 
hatchery and to the fish commissions of the States of Montana, 
Wyoming, Idaho, Oregon, and Washington. During the season of 
1920, which involves the end of the fisca] year 1920 and the beginning 
of the fiscal year 1921, about 6,500,000 eggs were taken. In the sum- 
mer of 1919 the Commissioner made a personal inspection of the 
fish-cultural work in the park, and made arrangements for extend- 
ing and augmenting the hatching operations in view of the very 
heavy drain on the fish life occasioned by the greatly increased 
number of anglers now resorting to the park. The superintendent 
of the park has extended every facility for making the hatchery 
effective and for enabling the Bureau to maintain and improve the 
supply of fish in the park waters. 

The auxiliary hatchery in Glacier National Park, constructed for 
the National Park Service, but operated by the Bureau of Fish- 
eries, has already justified its establishment. Encouraging reports 
are being received as to the results of this pioneer work, and it is 
believed that in a short time noteworthy collections of eggs may be 
obtainable from waters entirely devoid of fish life previous to the 
Bureau’s entry into this field. The fiscal year’s hatching operations 
in the park extended from July 1 to September 30, 1919, and from 
April 29 to June 30, 1920. The eggs handled consisted of 300,000 
brook trout from the Leadville station, 310,000 rainbow trout from 
the field station in Madison Valley, 500,000 grayling obtained through 
the courtesy of the Montana Fish and Game Commission, and 200,000 
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blackspotted trout from Yellowstone National Park. From these 
eggs 1,369,000 fry and fingerlings were hatched and planted in se- 
lected waters in Glacier Park. 

Until funds become available for the development of a number 
of promising outlying fields, the output of the Saratoga station 
in Wyoming must be somewhat limited. Brood fish on hand pro- 
duced during the last fiscal year 96,000 eggs of brook trout and 297,000 
eggs of rainbow trout, while collections from wild fish, made under 
difficult conditions, yielded 31,000 eggs of brook trout and 408,750 
eggs of rainbow trout. The hatchery supply was augmented by 
430,000 eggs of blackspotted trout and 406,000 eggs of brook trout 
from other stations. 

At the Springville (Utah) hatchery the brook rainbow and black- 
spotted trout have remained in excellent condition, but the eastern 
brook trout have deteriorated. Fish Lake continues to be the most 
prolific source of eggs. The lake is operated jointly by the Bureau 
and the State game and fish department, and the Bureau’s share of 
the collections in 1920 was 1,035,000 brook-trout eggs and 1,330,000 
rainbow-trout eggs. Special attention is being given to the main- 
tenance of the fish supply in Fish Lake, as its value as a source of 
eggs is recognized. 

The work of the Leadville hatchery and its field stations in Colo- 
rado was quite successful, especially as regards the propagation of 
eastern brook trout, of which 5,909,900 eggs were obtained by parties 
stationed on eight lakes. In an attempt to develop a new field station 
for collecting eggs of rainbow and blackspotted trouts at Antero 
Reservoir, two apprentice fish-culturists detailed to make investiga- 
tions and locate spawning grounds were mysteriously drowned. 

Owing to lack of suitable help and to the abnormally large expense 
that would have been required, no attempt was made at the Spear- 
fish (S. Dak.) station to obtain eggs from wild fish as hereto- 
fore. Brood stock held at the hatchery produced 107,000 eggs of 
eastern brook trout and 130,000 eggs of rainbow trout, which were 
supplemented by 947,000 eggs of brook trout purchased from dealers 
and by the transfer from other fields of 419,000 eggs of blackspot- 
ted trout and 25,000 eggs of lake trout. The water supply at this 
station has long been unsatisfactory and at times precarious. During 
the protracted winter of 1919-20, the flow of water was at one 
time reduced to 22 gallons per minute for all hatchery purposes, and 
three 12-foot troughs each containing from 25,000 to 40,000 eyed trout 
eggs were given only 24 gallons per minute, which amount was not 
increased and the numbers of eggs and fry were not reduced until 
the feeding stage was reached. By an agreement recently made 
with the municipal authorities of Spearfish, the Bureau is to have the 
use of the overflow from the newly constructed city reservoir. By 
means of a separate pipe line, water of desirable quality will become 
available without cost, and for the first time the hatchery and ponds 
will have an adequate supply for present and prospective needs. 

In the New England trout hatcheries there was a serious epidemic, 
which greatly curtailed the production of brook trout. At the Berk- 
shire hatchery the malady, known as the “ white-spot ” disease, was 
particularly severe and reduced the output to insignificant propor- 
tions. Even under favorable conditions the yield of brook trout at 
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the Bureau’s hatcheries is unequal to the demand, and resort must 
be had to private hatcheries for some millions of eyed eggs that are 
required each season. The price paid for these eggs has risen from 
30 to 40 cents per thousand in 1912 to 75 and 80 cents per thousand 
in 1920, with every indication that it will advance still further. This 
supply is uncertain and frequently of inferior quality, owing to the 
fact that many commercial trout breeders engage in the work with 
the main object of supplying fish for the market, the production of 
egos being incidental. In these establishments the fish are put on 
the market after their first spawning, and it is well known that eggs 
taken from young fish are never equal in quality to those obtained 
from 3 to 5 year olds. From every standpoint it is highly de- 
sirable that the Bureau should have a source from which brook- 
trout eggs in sufficient numbers may be obtained to meet all require- 
ments and relieve it of dependence on the high prices and inferior 
stock of the commercial dealers. After a consideration of this sub- 
ject, York Pond, in the White Mountain National Forest Reserve, 
N. H., was selected as a site for the development of a source of 
supply for brook-trout eggs. A camp was established and prelim- 
inary work on the project undertaken during June, 1920, and allot- 
ments of fingerling trout were planted in the pond during that 
month. With the cooperation of the State of New Hampshire by 
the enactment of legislation giving the Bureau control of the pond, 
which is approximately 19 acres in area, and of the Forest Service 
in maintaining roads, it is expected that the full development of 
this body of water will enable the Bureau to produce large numbers 
of brook-trout eggs of a high quality and at reasonable cost. 
Landlocked-salmon propagation, conducted principally from the 
station at Green Lake, Me., and its subsidiary at Grand Lake 
Stream, was rather more successful than in the previous year. The 
output was 1,641,905 eggs, fry, and fingerlings. Green Lake, one 
of the sources of eggs, was at an unusually low level, and the fish 
were unable to ascend the tributary streams for spawning. The eggs 
secured at this point were from fish caught in pound nets in the 
lake. Of the eggs distributed 417,105 went to the State of Maine, in 
fulfillment of the agreement by which the eges taken by the Bureau 
on the Fish River Lakes are to be eyed at the Caribou State hatch- 
ery, and one-half the net collections become the property of the State. 
The work in this field suffered from lack of competent employees. 
The group of stations at which both salmonoid and pond fishes are 
handled includes those at Wytheville (Va.), White Sulphur Springs 
(W. Va.), Erwin (Tenn.), Neosho (Mo.), and Manchester (tows), 
where the output is derivable almost entirely from brood fish main- 
tained from year to year in artificial ponds. The aggregate produc- 
tion of these stations in 1920 was, in round numbers, 3,225,000 brook 
and rainbow trout and 240,000 bass, while there remained on hand 
at the close of the year 234,000 fingerlings available for distribution 
and for increasing the breeding stock. While a number of untoward 
conditions have tended to curtail the yield of these stations, consid- 
erable progress has been made in improving their physical condition 
and in securing a better quality of brood fish. The output of both 
brook and rainbow trout at White Sulphur Springs was the largest 
in the history of the station; the Manchester station largely increased 
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its production of rainbow-trout eggs; and by improved methods of 
handling the fertility of rainbow-trout eggs at the Neosho station 
increased 40 per cent. 

The 1920 output of smallmouth black bass was slightly less than 
in 1919. At nearly every station where this species is propagated 
the same adverse weather conditions prevailed, resulting in a retarded 
spawning, the loss of many of the eggs in the first spawning, the 
abandonment of nests by the parent fish, and the killing of eggs in 
later layings by sudden fluctuations in temperature. The only sta- 
tion at which an increased production of smallmouth black bass 
occurred is Louisville, which distributed over 100,000 fry and finger- 
lings, and had‘its most successful season. 

The propagation of largemouth black bass was adversely influ- 
enced by the same conditions that affected the smallmouth species, 
although the aggregate output was larger than in the previous year. 
Both the Orangeburg (S. C.) and the San Marcos (Tex.) stations 
had an especially successful season, and the latter had the best year 
in its history. From Orangeburg the production of largemouth 
bass was 241,765, notwithstanding a considerable loss of fingerlings 
from cannibalism, owing to the inability to secure capable assistance 
in promptly removing the young fish from the ponds containing 
adults. As an innovation in the distribution of pond fishes, 5,400 
sunfish were held through the winter at Orangeburg without undue 
loss, made an excellent growth, and were planted in spring. In re- 
sponse to the large demand for sunfish in the Southern States, an 
effort is being made to increase the output of this species as fast as 
possible. The bluegill—the largest, and in many localities and in 
many respects the most desirable of the sunfishes—is being substi- 
tuted as brood stock for the other and smaller species. 

In Texas there has been a call for pond fishes in excess of the 
production of the one station operated in the State. To meet this 
demand, plans were made to increase the production of fish of the 
species most called for. With this in view, the lease of a parcel of 
land, desirable for pond construction and conveniently located for 
the distribution of the output, was secured from the city of New 
Braunfels. The lease included a supply of water from the city 
reservoir. About two years ago, following a period during which 
the San Marcos station was closed, the Texas Legislature enacted a 
law giving suitable protection to bass, crappie, and other food and 
game fishes during their spawning period. The absence of such a 
Jaw in the State was the important consideration in connection with 
the closing of the station. By a ruling of the attorney general of the 
State this law was practically annulled during 1920, and the fishes 
propagated by the Bureau are again left without adequate protection 
at a time when such protection is most urgently needed, viz, their 
period of mating, nesting, egg laying, and guarding the young. Any 
effort to increase the output of artificially reared fishes under these 
circumstances seems ill advised. ; 

The value and importance of vegetation in pond culture have long 
been recognized, and much time and effort have been devoted to the 
production of luxuriant growths of aquatic plants in fish ponds. The 
intelligent control of this growth is also of importance, and this can 
not be successfully accomplished without more exact knowledge of 
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the natural food of young bass and other warm-water species. It is 
of the utmost importance in connection with the subject to know what 
plants enter directly into the dietary of the fish or contribute indi- 
rectly to the support of the smaller animal forms that furnish food 
for fish. In order that information might be gained on this subject, 
which appears to have been generally neglected by fish-culturists, a 
special assistant was employed to make a study of the conditions as 
they existed at the Neosho station during the winter of 1919-20. 
More extensive work along similar lines has been done by the same 
specialist under the supervision of the division of scientific inquiry, 
and much information of value and interest to fish culture has been 
gathered. When this is assembled and made available for practical 
application to the work of the stations, there is reason to believe that 
beneficial results will follow. The natural food supply for pond 
fishes is of particular importance, since it is very difficult to induce 
these fish to accept the various artificial foods that are taken readily 
by the trouts and salmons. 

The Bureau has continued its experiments looking to the develop- 
ment of a satisfactory food for young salmonoid fish at a reasonable 
cost for replacing the meat products in general use, the price of which 
has advanced in proportion with’ all other commodities. Perhaps 
the mest notable results have been from the use of salmon eggs as 
food for young salmon. These are the immature eggs taken from 
salmon secured in commercial fishing operations, and are held in cold 
storage until needed. Canned seal liver, a by-product of the fur-seal 
islands, gave satisfactory results at a western station, the test ind1- 

cating that it compares ‘favorably with pork liver. A product sold 
under the name of “dried flies,” the exact nature of which has not 
been learned, was obtained from a New York importing firm and 
tried as a food for trout at a number of stations, with unsatisfactory 
results in every instance. Fishotein, a slaughterhouse preparation, 
and clam meal have been used with some success, but neither of these 
products appears suitable unless employed in conjunction with meat. 
The results of all experiments thus far made, with the exception of 
frozen salmon eggs, leave beef heart’ and beef liver at the top of the 
list as the most desirable foods for young salmonoid fish. Not only 
do they produce a more rapid growth, but the mortality is much less. 
Of these two foods the heart seems more desirable for the early feed- 
ing stages, while the liver is better for the more advanced fingerling 
sizes. 


PROPAGATION OF RIVER FISHES OF THE ATLANTIC SEABOARD. 


Fishes of the Atlantic coast streams which receive attention at the 
Bureauw’s hatcheries are the salmon, the shad, the yellow perch, and 
the striped bass. 

For a long period of years the Bureau has been conducting, at its 
hatchery at Craig Brook, Me., operations addressed to the Atlantic 
salmon. The scene of this work is the Penobscot River, which is the 
only New England stream that now has a run of salmon, and even 
the Penobscot maintains its salmon in the face of serious physical 
and other handicaps. It seems to be well established that the per- 
petuation of the salmon fishery in Maine depends largely, if not 
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chiefly, on artificial propagation. The work, however, meets with 
scant local support, and the fishermen, who are the principal bene- 
ficiaries, show little disposition to cooperate. They have demanded 
full market price for the brood salmon collected by the Bureau.and 
held for the ripening of their eggs, and, in addition, they have asked 
for a bonus for delivering the fish in good condition. The cost of 
the brood salmon some seasons has ranged from $6 to $7 apiece, and 
other features of the work have also been expensive. ‘The fishermen 
have of late shown a tendency to ask higher and higher prices for 
fish and a larger premium for careful handling. A proper spirit of 
cooperation would seem to impel the fishermen, in their own interests, 
to supply brood salmon to the hatcliery at a nominal price and to 
waive the charge they have been making for proper handling. The 
wisdom of continuing this work under existing conditions is ques- 
tionable. 

From the Atlantic salmon obtained during the last fiscal year there 
remained on hand at the spawning time in October 227 fish, which 
yielded 797,610 eggs. This number was supplemented by 1,000,000 
eggs obtained from the fishery authorities of Canada in exchange 
for trout eggs. Both of these lots of eggs were incubated with normal 
loss, and the resulting young, to the number of 1,550,000, were 
planted in the Penobscot and other important streams of Maine. 

Shad hatching has been conducted as usual at the stations on the 
Potomac River and Albemarle Sound. At both points the work was 
prosecuted under very trying weather conditions. The spawning 
season at Bryans Point began April 18 and continued until May 18, 
during which 42,570,000 eggs were obtained from the fishermen, and 
38,161,000 fry of excellent quality were hatched and planted. The 
run of shad into Chesapeake Bay in the spring of 1920 was said to be 
the largest in a number of years, and specially good catches were 
made on both sides of the lower bay, but the number of fish reaching 
the spawning grounds was limited. 

At the Edenton station the first spawning fish were found on 
April 1, and the season ended on May 12 with a collection of 21,667,- 
000 eggs. The incubation period was marked by sudden and ex- 
treme fluctuations in air and water temperatures, and rather heavy 
losses of eggs and fry resulted. The output of young shad was 
16,286,000. The shad catch in the section of Albemarle Sound ac- 
cessible to the hatchery was the smallest for many years, the effects 
of the hight run being augmented by inclement weather, embargo on 
express shipments, and low prices, which caused many of the fisher- 
men to withdraw their nets early in the season. The fullest coopera- 
tion was accorded by the fishermen to the hatchery, and mainly to 

this fact must be attributed the degree of success that was attained 
under most discouraging circumstances. 

At the striped-bass hatchery, operated on the Roanoke River in 
North Carolina as an auxiliary of the Edenton station, the 1920 
season was successful. Between May 1 and 15, fish caught for market 
by the commercial fishermen yielded 19,358,000 eggs, which produced 
16,474,000 fry, all of which were planted in local waters. 

The Bryans Point hatchery has continued to render efficient serv- 
ice in keeping up the supply of yellow perch in the Potomac River. 
From March 15 to 24, during which very wintry weather at times 
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prevailed and ice formed about the nets, brood fish to the number 
of 13,411 were obtained from the fishermen. Spawning occurred 
from March 25 to April 5, after which the 12,811 adult fish on hand 
were released. The eggs deposited naturally by the fish while being 
held in live cars numbered 129,544,000. About 2,500,000 eggs were 
sent to another station; the remainder produced 119,240,100 fry that 
were deposited on the local spawning grounds. 

The recently established field hatchery on the Atchafalaya River in 
Louisiana was operated for buffalofish in the spring of 1920, and had 
‘its most successful season. The hatchery had been enlarged in antici- 
pation of an increased take of eggs, and additional hatching jars to 
the number of 260 were installed, making 440 jars in all. The first 
eggs were secured on February 23 and the last on April 4. The col- 
lections from the fishermen’s nets aggregated 236,420,000 eggs, or 
more than 100,000,000 in excess of the previous year’s production. 
The plants numbered 174,585,000, 


MARINE FISH HATCHING. 


Four species of marine food fishes are hatched at the Bureau’s 
three seaside stations in Maine and Massachusetts, namely, the winter 
flounder, the cod, the haddock, and the pollock. The extreme severity 
of the winter interfered with all branches of the work and reduced 
the egg collections by about 800,000,000. 

The winter flounder, which now supports extensive shore fisheries 
that annually contribute many million pounds of excellent food to 
the markets of the New England and Middle Atlantic States, is 
handled at the three hatcheries and is the species produced in largest 
numbers. At the Boothbay Harbor station 792,853,000 eggs were 
secured and incubated without undue loss, the fry being deposited in 
the local bays. At the Gloucester hatchery 155,810,000 eggs were ob- 
tained. The season’s output for the Woods Hole station was the 
smallest for five years, owing to weather conditions. In the Waquoit 
field 611,570,000 eggs were obtained under great difficulty, and 
16,616,000 eggs came from Hadley Harbor and Quisset Harbor. 
Later operations in Narragansett Bay yielded 238,318,000 eggs. The 
ageregate collections for the Woods Hole station in all fields were 
866,504,000 eges of fair quality. With the exception of 35,000,000 
eyed eggs and fry consigned to Jamaica Bay, N. Y., the local waters 
received the plants of fry. The total deposits of flounder fry from 
the three hatcheries were 1,603,080,000. 

Cod eggs for hatching purposes, obtained from the fishermen’s 
catches in the case of the Gloucester station and from brood fish in 
the case of the Woods Hole station, numbered 570,740,000 and 223,- 
465,000, respectively, the latter number being produced by 2,825 . 
adult fish held in the.cistern under the hatchery. The boats of the 
Gloucester haddock fishermen, visited by spawn takers from the local 
hatchery, yielded 303,800,000 eggs during the period from January 
14 to April 30. In a similar way, during November, December, and 
January, 954,800,000 pollock eggs were gathered from fish on their 
way to market. The quality of the eggs was poor and a rather heavy 
mortality occurred in hatching ; 557,685,000 fry were planted. 

The Bureau has taken up in a tentative way the matter of salvag- 
ing the enormous numbers of ripe eggs of cod, haddock, and other 
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ound fish that are annually wasted in the New England fisheries. 

he experiment, first tried in 1919, of placing spawn takers on fish- 
ing vessels for the purpose of taking, fertilizing, and planting the 
eggs contained in fish caught for market, was continued in 1920. 
Five spawn takers between February 26 and April 26 made 14 trips, 
8 on otter-trawl vessels and 6 on trawl-line vessels, and afforded fur- 
ther information as to the feasibility of attempting this work on a 
sufficiently large scale to make it worth while. Upward of 220,- 
000,000 eggs, about equally divided between cod and haddock, were 
thus obtained and deposited in the natural spawning grounds, under 
conditions that closely simulate nature. The experience gained in 
the two seasons’ trials indicates that it is entirely practicable to con- 
duct these operations on a gigantic scale at a comparatively low cost, 
and it is the belief of the Bureau that it may be desirable to initiate 
the work in cooperation with the owners, masters, and crews of fish- 
ing vessels. The saving of a few hundred millions of eggs might not 
mean a great deal in view of the magnitude of the fisheries and the 
extent of natural spawning, but the annual saving of some thousands 
of millions of eggs might be expected to produce an appreciable 
effect on the supply of marketable fishes. 


RESCUE OF STRANDED FOOD FISHES. 


No feature of the Bureau’s work in fish conservation has had a 
more rapid development in recent years than the rescue of fishes 
from the overflowed lands along the Mississippi River. The fishes 
that are salvaged comprise practically every useful species of the 
region. The importance of and necessity for the work arise from 
the fact that when the floods come many of the fishes are in spawning 
condition and deposit their eggs far from the river. On the recession 
of the flood waters the resulting young are left behind and eventually 
become permanently landlocked. Under such conditions the fish 
inevitably perish as the cut-off ponds and sloughs gradually become 
dry during summer or are quickly frozen on the advent of winter. 
The toll of valuable food fishes that is thus taken is enormous, and the 
opportunity to prevent a part of the annual waste and add to the 
food supply is most appealing. 

The simplicity of the operations, the low cost, and the certain 
results of great magnitude are the outstanding features. In 1920, as 
heretofore, headquarters were established at favorable points in the 
Mississippi Valley, from which seining crews visited the landlocked 
waters, removed the fish, and planted them in the open waters of 
the river. The principal centers of the work were Homer and 
La Crosse, Wis. ; Patieruc and North McGregor, Iowa; Quincy and 
Cairo, Ill.; Clarksville and Canton, Mo.; and Friars Point, Miss. 

During the year ending June 30, 1920. but principally in the 
summer and early autumn of the calendar year 1919, the aggregate 
number of fish salvaged was 156,659,500. This output exceeded by 
about 100,000,000, the record that was established in the previous 
fiscal year. 

From Homer, Minn., the workebegan on August 1 and continued 
until cold weather and ice made further operations impracticable. 
From this point five seining crews were employed throughout the 
season, collecting 37,073,812 miscellaneous fishes, of which 37,007,590 
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were returned to the river. The season at La Crosse extended from 
August 13 to November 8. This field includes the territory extending 
from Dresbach, Minn., to McDonald Dam, below Lynxville, Wis., 
and seining crews worked from La Crosse, Genoa, Ferryville, and 
Lynxville, Wis. The territory about Lynxville is one of the most 
prolific and is capable of much greater development and productivity 
whenever funds for the purpose are available. 

The crews with headquarters at North McGregor were engaged 
from August 4 to November 10, operating from North McGregor 
and Guttenberg. The collections amounted to 27,565,287 fish. This 
field is also capable of further development, a promising territory 
existing between Clayton and Dubuque, Iowa. From Guttenberg 
southward no rescue operations have ever been attempted, and reports 
from the chief game and fish warden of the State of Iowa indicate 
that this field contains opportunities for rescue work not excelled at 
any point on the river. 

The station at Bellevue, Iowa, produced 39,549,952 rescued fishes 
during the season, the work extending from August 11 to November 
13. Two crews were employed, one operating from Bellevue, and 
the other from a houseboat, covering the territory from Dubuque to 
within 7 miles of Bellevue. Further possibilities for rescue work 
exist in this vicinity. From Savanna, Ill., and points farther south 
seining crews could be profitably employed. 

The operations on the Ohio River, in the vicinity of Cairo, Il., 
reached greater proportions than in any previous year. The number 
of fish taken was 5,830,410, of which crappie and catfish predomi- 
nated. There was a noticeable decrease in the number of black bass 
this season, not only in the Cairo field, but at all other points, the 
cause being attributed to the low stage of the river during the spawn- 
ing season of the black bass in May and early June, the rise not oc- 
curring until after the fish had spawned. 

There was a satisfactory increase in the number of fish taken in the 
rescue work in the vicinity of Friars Point, Miss., under the super- 
vision of the superintendent of the Tupelo station. .The work in that 
section began July 16 and continued to November 14, during which 
time 847,328 fish, chiefly buffalo fish, catfish, and sunfish, were taken 
by the seining crews. Of these, 40,630 were distributed to appli- 
cants, while the remainder were returned to their native waters. 

The usual operations along the Illinois River, at Meredosia, IIL, 
were conducted, continuing from July 1 to December 4, and resulted 
in the conservation of 1,340,427 fish. Similar work tried for the first 
time at Clarksville and Canton, Mo., and other points of minor im- 
portance, under the supervision of the director of the Fairport 
(Iowa) station, produced 1,552,087 rescued fishes. 

It is to be noted that the average cost per thousand fish rescued in 
1920 was less than 20 cents; and while in certain fields where the out- 
put was not large the cost was somewhat higher, more than 75 per 
cent of the fish were rescued and returned to their native waters at a 
cost of only 13 cents per thousand. 

A small percentage of basses, catfishes, and other species rescued 
is used in supplying applicants, most of whom are in the States of the 
Mississippi Valley. This diverted output serves a very useful purpose 
but is not so great as to constitute a depletion of the Mississippi. In 
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1920 the rescued fishes that were not restored to the Mississippi but 
were sent to other waters numbered 983,784, or less than seven-tenths 
of 1 per cent of the entire number handled. 

This public service in immediate aid of the local States but indi. 
rectly of value to the entire country has been voluntarily assumed by 
the Bureau because there has been a strong local demand for it and 
because of the conviction that it is vastly more important and pro- 
ductive of direct results than are the combined operations of many 
fish-cultural stations. The work is receiving the approbation of State 
fish commissioners, commercial fishermen, and the general public. 
The possibilities of greatly extending its scope and magnitude are 
believed to be almost unlimited, and the only obstacle that presents 
itself is lack of funds. In the estimates of appropriations for the 
Bureau for the fiscal year 1922, there is provision for a very modest 
increase in the general funds for fish culture in order that the rescue 
work, among other branches, may receive fuller consideration. No 
money appropriated by Congress for any purpose can be relied on 
to yield more certain and more direct economic results. 


ACCLIMATIZATION. 


Noteworthy enrichment of the aquatic food resources of various 
parts of the country has resulted from the acclimatization of desirable 
animals from other sections. Among the well-known instances of 
successful acclimatization are the transfer of the Atlantic shad and 
striped bass to the Pacific coast; the Pacific steelhead salmon to the 
Great Lakes and to minor lakes in New England and elsewhere; the 
western rainbow trout, the eastern brook trout, and other trouts to 
numerous States in which they were not indigenous. 

The most recent success of this kind is the case of the Pacific hump- 
back or pink salmon in Maine. Following plants of young salmon 
in streams in the eastern part of the State, runs of adult fish appeared 
during a number of years. The fish occurred in greatest abundance 
in the early autumn of 1919, when there were large runs in Dennys 
and Pembroke Rivers, and smaller runs in Penobscot, Machias, St. 
Croix, and Magaguadavic Rivers, the last-named stream being in New 
Brunswick. Weirs in Passamaquoddy and Cobscook Bays took con- 
siderable numbers of the new fish which were disposed of locally or 
shipped to Boston and New York. Accurate information regarding 
the amount of the catch was difficult to obtain, as the fishermen were 
in fear of the local law which prohibits the taking of salmon at the 
only time when the humpback is available, this law having been en- 
acted with sole reference to the Atlantic salmon; but it is within 
bounds to state that several thousand adult humpbacks were caught 
and either shipped to market or consumed locally. 

The most interesting feature of this case is that the Bureau’s fish- 
culturists, sent to Dennys and Pembroke Rivers during the period of 
the migration, took and fertilized 499,300 humpback-salmon eggs that 
were sent to the Craig Brook hatchery. 

From the evidence at hand there seems no reason to doubt that the 
humpback salmon can maintain itself in certain New England rivers 
and will prove a valuable addition te the local fish supply. The only 
condition of success that should be safeguarded is that a proper pro- 
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portion of the run of adult fish should be allowed to reach the stretches 
in the lower parts of the streams, where suitable spawning grounds 
exist. The matter is wholly in the hands of the State authorities 
and involves the maintenance of adequate fishways over the relatively 
low dams that cross almost every stream of importance. 

The introduction of the eastern brook trout into Colorado and other 
Western States has been a conspicuous success. The establishment 
of brook trout, rainbow trout, lake trout, European brown trout, and 
Loch Leven trout in selected waters of the Yellowstone National 
Park has been a noteworthy accomplishment, and similar service in 
the Glacier National Park is now in progress. 

One of the best, most adaptable, and most widely transplanted of 
the native trouts is the rainbow, which now affords excellent fishing 
_ in practically every State having waters of suitable temperature. 
As with the eastern brook trout in Colorado and elsewhere, the ac- 
climatized wild rainbow is now supporting extensive fish-cultural 
operations in various States. Field stations for the collection of rain- 
bow trout eggs in Montana and Wyoming have proved very pro- 
ductive. Meadow Creek, a tributary of the Madison River in Mon- 
tana, operated as an adjunct of the Bozeman station, has yielded 
nearly 4,000,000 rainbow trout eggs of the best quality during each 
of the last two seasons. Sage Creek, a tributary of the North Platte 
River in Wyoming, has afforded the Saratoga station excellent oppor- 
tunities for taking large numbers of eggs, even with the crude equip- 
ment that has been available; and the superintendent estimates that 
with proper appliances this field will yield 10,000,000 eggs annually. 


ARTIFICIAL PROPAGATION OF FRESH-WATER MUSSELS. 


The usual work in mussel propagation was conducted in the field in 
suitable sections, as heretofore, under the general direction of the 
fisheries biological station at Fairport, Iowa. A total of 183,021,720 
glochidia in a condition of parasitism on fishes were liberated in pub- 
lic waters as compared with 136,907,365 liberated last year, an in- 
crease of 46,114,355. 

Infection of rescued fishes in the vicinity of Minneiska, Minn., on 
the Mississippi River and at various points as far south as Dakota, 
Minn., was accomplished in cooperation with the rescue work of one 
of the fish-cultural crews operating under the direction of the Homer, 
Minn., station. The number of fishes rescued in connection with the 
propagation of mussels was 907,995, of which 36,442 were adults. 
Of the total number of fishes rescued, 22,567 were infected with 
glochidia before being restored to the rivers. 

Three species of commercial mussels were propagated. the leading 
one being Lampsilis luteola, commonly known as the Lake Pepin 
mucket. The infected fish hosts were liberated in the Mississippi 
River off Fairport, Iowa; in Lake Keokuk, Iowa, and Ill.; m 
the Mississippi River at New Boston and Oquawka, Il.; in the Mis- 
sissippi River at Lake Pepin, Minn. and Wis.; at various points along 
the Mississippi River, between Minneiska and Dakota, Minn.; in 
Lake Pokegama, Minn.; and in the White River in the vicinity of 
Newport, Ark. 

Small numbers of mussels reared at the Fairport station were 
planted in public waters at the following places: Lake Keokuk, Iowa 
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and Ill.; Roanoke River at Salem, Va.; Shenandoah River at Elk- 
ton, Va.; and Potomac River at Harpers Ferry, W. Va. 

The cost of mussel distribution during the fiscal year 1920 was 
considerably less than in the previous year, being at the rate of 
$0.0562 per thousand as compared with $0.0689 per thousand in 1919. 
The decreased cost was due to the larger output of glochidia, notwith- 
standing the fact that the cost of labor, equipment, and material was 
greater than in the preceding year. This computed cost of mussel 
propagation includes overhead charges and depreciation of build- 
ings, boats, and nets calculated at $0.,0198 per thousand. 


TRESH-WATER MUSSEL PROPAGATION IN 1920, SHOWING NUMBER OF EACH SPECIES 
PLANTED AND POINTS OF DEPOSIT. 
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ALASKA FISHERIES SERVICE. 
GENERAL CHARACTER OF WORK. 


Enforcement of the fisheries laws and regulations constitutes the 
chief feature of the Bureau’s work in connection with the general 
fisheries of Alaska. Other important duties include the collection 
and dissemination of statistical information, the marking of stream 
mouths, inquiries and investigations as to aquatic resources, the study 
of conditions with respect to proposed fisheries legislation, the in- 
spection of private salmon hatcheries, and the holding of hearings 
to determine the advisability of further restrictions upon fishing 
operations. 

Details in respect to the work of this service are published in an 
annual document issued under the title “ Alaska Fisheries and Fur 
Industries.” This comprehensive report will give full details in 
regard to all important phases of the matter involved. 


EXTENT AND CONDITION OF THE FISHERIES. 


The salmon fishery of Alaska, which reached such enormous pro- 
portions in 1918, showed a marked decline in 1919. So serious was 
the falling off that a prediction may be freely made that, unless most 
drastic steps are taken to further curtail operations, the industry 
may suffer almost irreparable damage and may before many years 
cease to be of paramount commercial importance. As compared with 
1918, there were declines in 1919 of 16 per cent in value and 42 per 
cent in the catch of salmon. 
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The remedy lies in more adequate legislation, and there is urgent 
need for revision of the salmon laws now operative. The laws were 
good enough when passed 14 years ago, the industry then being com- 
paratively undeveloped, but the laws fail to meet the present situa- 
tion. Last winter much time and effort were devoted to the drafting 
of a new fishery bill by a committee representing the Bureau, the 
Governor of Alaska, and the commercial interests. The bill as 
drafted was not submitted to Congress for the reason that there were 
certain fundamental differences of opinion as to several important — 
features. The Governor of Alaska desired that practically all money 
derived from taxation of the fisheries should revert to Territorial uses 
not connected with the fisheries. There was disagreement also as to 
rates of taxation and other features. The difficulty in securing 
proper legislation for the fisheries of Alaska arises chiefly from the 
divergent views among different interests and the apparent inability 
to appreciate the seriousness of the situation. This lack of harmony 
seems to have impressed Congress, which has for many years refused 
to pass bills that have received approval of committees. Not only 
is a new fishery law demanded, but there is grave need for increased 
appropriations, added personnel, more vessels, more hatcheries to 
sale the Bureau to do its part in safeguarding the fisheries of 

laska. 

- General statistics collected by the Bureau show that in the calendar 
year 1919 the total investment in the Alaska fisheries was $74,181,560, 
an increase of $430,771 over 1918. The salmon industry absorbed 
approximately 92 per cent of this amount. Employment was given 
to 28,534 persons, or 2,679 less than in 1918. The total value of the 
products in 1919 was $50,282,067, a decrease of $8,872,792 from 1918, 
or approximately 15 per cent. The reduction in the pack of salmon 
caused nearly the whole of this decrease. 

The salmon-canning industry gave employment to 25,499 persons 
and produced 4,583,688 cases, valued at $43,265,349. There were 
134 canneries in operation. The salmon mild-cure industry gave 
employment to_133 persons and produced 4,490,600 pounds, valued 
at $916,800. The fresh-salmon trade employed 34 persons and 
handled a product of 5,208,327 pounds, valued at $856,688. Other 
products of the salmon industry were pickled salmon, 1,622,000 
pounds, valued at $195,447; frozen salmon, 1,552,480 pounds, valued 
at $130,355; dry-salted salmon, 212,244 pounds, valued at $17,601; 
dried and smoked salmon, 415,000 pounds, valued at $43,000; oil, 966 
gallons, valued at $966; and fertilizer, 724,000 pounds, valued at 
$18,680. 

The halibut industry produced 7,783,179 pounds of fresh halibut, 
valued at $880,433; 6,495,372 pounds of frozen halibut, valued at 
$670,147; and 240 pounds of canned halibut, valued at $25. The 
herring industry yielded 6,357 cases of one-half pound cans and 
95,448 cases of one-pound cans, valued at $40,895 and $811,366, re- 
spectively; 7,718,985 pounds of pickled herring, Scotch cure, valued 
at $451,240; 2,216,120 pounds of pickled herring, Norwegian cure, 
valued at $147,634; 169,374 gallons of oil, valued at $110,800; and 
miscellaneous products, valued at $114,735. The cod industry had 
products valued at $825,990, the chief output being 9,829,343 pounds 
of dry-salted cod, valued at $773,297. The whaling industry yielded 
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miscellaneous products to the value of $1,027,200. Other fishery out- 
puts were as follows: Clams, $184,363; trout, $18,155; sablefish, $35,- 
485; red rockfish, $1,414; crabs, $160; shrimps, $21,000; and mis- 
cellaneous fresh fish, $1,639. 


ENFORCEMENT OF FISHERY LAWS. 


The patrol for the enforcement of the fishery laws and regulations 
was actively carried on in the season of 1919 and was renewed for 
the season of 1920. Six of the patrol vessels were owned by the 
Bureau, and a like number was chartered. The work was made more 
effective by the employment of a number of temporary assistants as 
stream watchmen. Their chief function is to prevent violations of 
the law by their presence at points where extensive fishing in the 
streams is more likely to occur. The success of this work has been 
clearly demonstrated during the current season. Owing to limited 
appropriations, it has not been possible to carry on this phase of the 
work to the extent that it is desirable, but more active operations are 
contemplated another year. It is the purpose to employ a larger 
number of vessels and increase the number of stream watchmen at the 
more important fishery centers in all sections of Alaska. 

It is hoped that the active cooperation of the Navy Department 
may be secured through the detail of at least 10 subchasers to be at 
the disposal of the Bureau of Fisheries for the enforcement of the 
fishery laws and regulations during the active salmon-fishing season, 
extending from about the first of June until approximately the end 
of September. Two subchasers were on duty in southeastern Alaska 
in the season of 1920. One of these rendered excellent service. 

The closing to salmon fishing of practically all of the salmon 
streams of Alaska, together with certain areas outside their mouths, 
resulted in requests that the Bureau indicate the closed waters by 
suitable markers. ‘The erection of markers was accordingly begun in 
the season of 1919, and the work was carried on more extensively in 
1920. It will be continued as rapidly as possible, but several seasons 
will probably be required to complete the work. 

The stealing of salmon that have been caught in traps, which has 
been referred to locally as piracy, developed to a considerable extent 
in 1919, and in 1920 was again the source of serious loss and annoy- 
ance to cannery operators in southeastern Alaska. Several naval 
vessels in the district had instructions to aid in suppressing this law- 
lessness, but it was not entirely stamped out. It would seem that 
there has been some exaggeration at times of losses thus sustained, 
and the practice would soon come to an end if purchasers of salmon 
made certain of the source of fish offered for sale and refused to 
accept stolen fish. The Bureau’s agents have cooperated in efforts to 
suppress this traffic. 

As a result of activities of the Bureau’s representatives there were 
_humerous convictions for violation of the fishery laws and regu- 
lations. 


SCIENTIFIC INVESTIGATION OF THE ALASKA FISHERIES. 


In the summer season of 1919 an investigation of the spawning 
grounds of the Copper River was made by Dr. Henry B. Ward, 
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who spent about seven weeks studying conditions in that field. His 
report has been published in “Alaska Fisheries and Fur Industries 
in 1919.” Another investigation was made by Dr. C. H. Gilbert and 
Mr. Henry O’Malley of fishery conditions in central and western 
Alaska. With the exception of Chignik, visits were made to all the 
most important fishing districts. Their report also is incorporated 
in the general report referred to. 

The controversy which arose as a result of salmon-canning opera- 
tions at the Yukon River led to the Bureau’s undertaking in 1920 a 
special investigation of the whole fishery situation on the Yukon. 
The work was assigned to Dr. C. H. Gilbert and Mr. Henry O’Malley, 
who proceeded to the Yukon region early in the season of 1920. The 
results of the investigation will determine the future course of the 
Bureau in regulating the salmon fishery in that stream. 


FISHERY RESERVATIONS. 


In accordance with the regulations issued'jointly under the terms 
of the Executive order of March 3, 1913, two additional permits were 
issued for fishing operations in the Aleutian Islands Reservation. At 
the end of the fiscal year 1920 there were 26 such permits in force. 
Fishery matters in the Afognak Reservation have received proper at- 
tention. The usual patrol of the fishing grounds was maintained, 
and permits were granted to natives to take salmon in the reserva- 
tion. In order to prevent drain upon the supply of salmon for the 
Afognak hatchery, Litnik Bay was closed at all times to commercial 
fishing except for silver salmon, which species runs late in the season. 
The commercial catch of salmon in the reservation was 113,163, a 
slight decrease from the previous season. 


PRIVATE SALMON HATCHERIES. 


The private salmon hatcheries operated in Alaska have been in- 
spected, as required by law. In 1920 only two such hatcheries were 
in operation. One of these, on Naha Stream, in the fiscal year 1920 
liberated 17,070,0CO red-salmon fry. The other hatchery, on Hugh 
Smith Lake, planted 11,357,000 red-salmon fry in the same year. 
Upon the basis of the output of these hatcheries the operators thereof 
were entitled under the law to a remission of taxes upon canned 
salmon at the rate of 40 cents a case to the amount of $11,370.80. 
The Territorial Fish Commission also did fish-cultural work chiefly 
at Juneau, where a small hatchery is maintained. 


WOOD RIVER SALMON CENSUS. 


As the result of an investigation made in 1919, Dr. C. H. Gilbert, a 
recognized authority on the Pacific salmons, recommended the dis- 
continuance of the counting of red salmon at Wood River, which 
has been carried on each season from its inception in 1908 through 
1919, with the exception of the year 1914. Dr. Gilbert felt that 
the work could be more advantageously conducted elsewhere in 
Alaska, preferably at Chignik or at Karluk, where the runs would 
represent distinct races. The determination of the direct ratio be- 
tween the catch of salmon and the escapement as tallied in either of 
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these streams would be much more important and conclusive than at 
Wood River, for the reason that the commercial catch on Bristol 
Bay below the mouth of Wood River is made up of salmon headed 
for several streams. 


REVISION OF REGULATIONS FOR SALMON FISHERIES. 


The need of further restrictions upon salmon-fishing operations 
generally in Alaska being apparent, two hearings were held at 
Seattle in November, 1919, for the purpose of eliciting information 
for use in guiding the Department’s action in the matter. Following 
these hearings an order was promulgated by the Secretary of Com- 
merce under date of December 23, 1919, effective January 1, 1920, 
which had application to a large portion of all the streams flowing 
into the Pacific Ocean and Bering Sea between Cape Dixon, in south- 
east Alaska, and Cape Newenham, Bering Sea. The text of the order 
is as follows: 


Hearings having been given at Seattle, Wash., November 20, 1919, and 
November 25, 1919, respectively, after due notice in accordance with law, for the 
purpose of determining the advisability of limiting or prohibiting fishing 
in certain waters in Alaska, and to amend or modify the order of December 21, 
1918, and all persons having had full opportunity to be heard, it is hereby 
ordered, by virtue of the authority vested in me by section 6 of ‘‘ An act for the 
protection and regulation of the fisheries of Alaska,” approved June 26, 1906, 
that until further notice all fishing for salmon, or other fishing in the prose- 
cution of which salmon are taken or injured, in all hereinafter-described waters 
of Alaska be and is hereby made subject to the following limitations and pro- 
hibitions in addition to the general restrictions already applicable by virtue 
of existing laws and regulations: 

1. Waters east of the longitude of Cape Spencer: 

(a) All fishing is prohibited in all salmon streams and their tributaries and 
lakes. 

(6) All fishing, except with purse seines and drift gill nets, is prohibited 
within 500 yards of the mouths of all salmon streams. 

(ec) All fishing with purse seines and drift gill nets is prohibited within 200 
yards of the mouths of all salmon streams, and all fishing with purse seines and 
drift gill nets as well as with all other apparatus is prohibited within 500 yards 
of the mouths of Chilkat River, Chilkoot River, Anan Creek, Hetta Creek, 
Sockeye Creek, and Naha Stream. 

2. All fishing is prohibited in all salmon streams, their tributaries and lakes, 
and within 500 yards of the mouths of such streams flowing into the Pacifie 
Ocean or Bering Sea between Cape Spencer and Cape Newenham, except as 
follows: 

(a) Fishing is permitted in Bering River below a line extending at right 
angles across Bering River from a point approximately 800 feet northwesterly 
from the mouth of Gandil River. 

(b) Fishing is permitted in Copper River and its tributaries in accordance 
with the terms of the order promulgated December 20, 1918, which order is 
continued in full force. 

(c) Fishing is permitted at Karluk beyond the zone 100 yards outside the 
mouth of Karluk River where it breaks through Karluk Spit into Shelikof 
Strait. 

(d) Fishing is permitted in Ugashik River below a line extending at right 
angles across the Ugashik 500 yards below the mouth of King Salmon River. 

3. The driving of salmon downstream and the causing of salmon to go 
outside the protected area at the mouth of any salmon stream are expressly 
prohibited. 

4. This order does not apply to persons taking salmon with rod, hand line, 
or spear for their personal or family use and not for sale or barter. 

5. The waters of the Afognak Reservation are covered by presidential procla- 
mation of December 24, 1892, and the regulations promulgated by authority 
thereof are not modified or affected by this order but remain in full force. 
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6. All previous orders of the Secretary of Commerce imposing limitations or 
prohibitions upon fishing in the waters covered by this order, except as herein- 
before indicated, are hereby superseded. 

7. This order became effective January 1, 1920. 

On May 22, 1920, announcement was made of a hearing to be held 
at Seattle on November 23, 1920, at which it is proposed to elicit in- 
formation in respect to what further restrictions, 1f any, should be 
placed on salmon fishing in the Yukon River. 

Under date of May 25, 1920, announcement was made of a hearing 
to be held at Seattle on November 30, 1920, for the purpose of secur- 
ing information as to whether restrictions in addition to those already 
imposed by law should be placed upon fishing in the Kuskokwim 
River. 

Request having been made for a reconsideration of the existing 
salmon-fishery regulations for the Copper River, announcement has 
been made of two hearings, one at Cordova, Alaska, October 5, and 
one at Seattle, Wash., November 18, 1920. 


ALASKA FUR-SEAL SERVICE. 


GENERAL ACTIVITIES. 


The scope of the Bureau’s work in connection with the Pribilof 
Islands is far more extensive than is generally realized. Major ac- 
tivities include the administration of affairs pertaining to the fur- 
seal and fox herds, with annual products now averaging between 
$2,000,000 and $3,000,000, and the welfare of the native inhabitants, 
numbering upward of 300 persons, who in a sense are wards of the 
Government. The work thus not only covers the management of a 
large commercial enterprise but involves civic and municipal duties 
under conditions unlike those existing elsewhere in the world. 

The natives of the Pribilof Islands are essential for carrying on 
the fur-seal industry. Without them it would be practically im- 
possible under present conditions to conduct the laborious operations 
connected with the killing and skinning of seals and the curing and 
shipping of the pelts. The natives perform their work faithfully 
for the most part and take a keen interest in securing the best results. 
In return for their efforts, the natives are allowed certain cash com- 
pensation for fur-seal and fox skins taken, and in addition are sup- 
plied with food, clothing, fuel, shelter, and medical attention. The 
distribution of supplies is prorated in accordance with the size of 
families. Suitable schools are maintained for the native children. 
Housing conditions are unsatisfactory, but this situation is being 
remedied as rapidly as possible with the funds available. Most of 
the dwellings were built 40 or 50 years ago and are badly in need of 
replacement. Recently a model concrete house was completed for 
native use. If after a season’s occupancy this type proves satisfac- 
tory, as it is believed it will, further buildings of the same kind may 
be constructed. On March 31, 1920, the number of natives resident 
on St. Paul Island was 188 and on St. George Island 128, a total 
of 316. 

On December 31, 1919, the Commissioner of Fisheries had in his 
custody, as trustee for certain of the natives, the sum of $3,093.57, 
These funds are kept on deposit with the Washington Loan & 
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Trust Co., Washington, D. C., and draw interest at the rate of 3 per 
cent per annum, calculated on monthly balances. Liberty bonds pur- 
chased by the natives through the Bureau of Fisheries had, at the 
end of the fiscal year 1920, been forwarded to their owners or dis- 
posed of in accordance with their wishes. 

The purchase of supplies for the Pribilof Islands has been a large 
undertaking. In 1919 the goods were assembled at Seattle, Wash.., 
whence transportation was afforded to the Pribilof Islands chiefly 
by the U. S. 8S. Vanshan, through the cooperation of the Navy De- 
partment. Certain supplies in excess of the Vanshan’s capacity were 
forwarded by commercial steamer to Unalaska. In 1920 the Nav 
Department again cooperated by shipping supplies on the the U.S. S. 
Saturn, which vessel also acts as tender for the Alaska naval-radio 
stations. 

The Coast Guard, through its vessels detailed for Alaska service, 
has from time to time rendered valuable assistance in the transporta- 
tion of supplies and persons in connection with the Bureau’s work at 
the Pribilof Islands. 

The Lider, a vessel with carrying capacity of from 40 to 50 tons, 
purchased last year by the Bureau for use as local tender at the Pribi- 
lofs and for trips between there and Unalaska, the nearest port, 250 
miles distant, has proved of great value. It is noteworthy that the 
Hider made a trip from Unalaska to the islands in the middle of 
winter. No vessel had ever before visited the islands at that time. 

Among more notable improvements at the islands in the past year 
have been the construction of two new salt houses for curing seal- 
skins, the erection of a garage to house the four tractors and two 
trucks in use on St. Paul Island, the construction of two new native 
dwellings, one of concrete, and improvements to the landings both on 
St. George and St. Paul Islands. The four tractors sent to St. Paul 
Island in the fall of 1919 have been of great value in hauling seal- 
skins from killing fields to the salt houses, and in moving seal car- 
casses from the fields to the by-products plant. 

The Navy Department has continued the maintenance of radio 
stations on St. Paul and St. George Islands. They have been of in- 
calculable value in affording communication with the outside world 
-at all times of the year. 

Attention is invited to the necessity of augmenting the personnel 
of the Pribilof Islands. The best interests of the Sisveveaent re- 
quire that the present staff be increased by a biologist or naturalist to 
give sustained consideration to the scientific problems involved in the 
fur seals, foxes, and other life on the islands, and by several technical 
assistants. 


THE FUR-SEAL HERD. 


The census of the seal herd as of August 10, 1919, showed 524,235 
animals of all ages in the herd, an increase of 27,803 over the corre- 
sponding figure for 1918. The tentative figures for the census of 
1920 indicate 548,473 seals as of August 10, 1920, or an increase of 
slightly over 24,000 in the year. The increases from year to year are 
net, the seals killed in the period between the censuses having been 
deducted. The census in 1920 was again taken under the immediate 
supervision of Dr. G. Dallas Hanna, 
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In the calendar year 1919 there were taken on St. Paul Island 
24,053 sealskins and on St. George Island 3,768, a total of 27,821. Of 
these skins, 2,513 were from seals 6 years of age and 5,218 from seals 
7 years of age and upward, in an effort to reduce the number of old 
surplus bulls. In 1920 there were taken through August 10, 21,936 
skins on St. Paul Island and 4,042 on St. George Island, a total of 
25,978. The take for 1920 will be increased somewhat by fall killings 
to provide food for the natives. 

The provisional quota of seals to be killed at the Pribilof Islands in 
the calendar year 1920 was fixed at 35,000, of which 31,000 were to be 
taken on St. Paul Island and 4,000 on St. George Island; but as the 
sealing season progressed it became apparent that the surplus adult 
males, which constituted about 25 per cent of the contemplated quota, 
were not present in the expected numbers. On the recommendation 
of the responsible agents of the islands telegraphic authority was 
given to take, in addition to the numbers previously determined, 3,000 
3-year-olds and 1,000 4-year-olds, these classes of seals being present 
in sufficient abundance on St. Paul Island to fully warrant the in- 
creased killings. 

The different elements of the fur-seal herd, as determined by re- 
cent observations, now closely approximate the proper proportions 
in respect to the various age classes. The efforts of the past two sea- 
sons to reduce the excess of breeding males have been successful, as’ 
indicated by the fact that the average number of cows per harem in- 
creased from 30 in 1919 to 41 in 1920. 

Experimental work in the season of 1920 may lead to the adoption 
of marked changes in methods of handling fur-seal skins, but final 
decision must await the outcome of the dressing and dyeing. The 
experiments have included an improved method of salting the skins; 
the washing of the pelts before salting, in order to remove blood and 
dirt ; and, in addition, there have been extensive practical tests of the 
advisability of removing blubber from the pelts before salting. 

In the fiscal year 1920 three sales of Pribilof Islands fur-seal skins 
were held at St. Louis. At the first sale, September 10, 1919, 9,055 
skins were disposed of at the bid price of $827,112.50. At the sec- 
end sale, February 2, 1920, 9,100 skins were sold for $1,282,905. At 
the third sale, May 10, 1920, 5,752 skins brought $424,166. The total 
number of sealskins sold during the fiscal year was, therefore, 23,907, 
at the aggregate price of $2,534,183.50. The high prices received are 
indicative of the excellent quality of the skins, which prior to sale 
are dressed, dyed, and machined at the modern plant located in St. 
Louis. The output of this plant unquestionably surpasses anything 
of the kind ever produced heretofore in Europe or elsewhere. 

As a net result of the sales of fur-seal skins in the fiscal year 1920 
there was deposited in the Treasury of the United States the sum of 
$1,457,790.57. This amount represents, in part, some of the skins 
sold in previous fiscal years for which returns did not come in until 
1920. In addition to the amount stated the sum of $271,894.48 was 
set aside for payment to Great Britain and Japan of the shares to 
which those nations are entitled under the North Pacific Sealing Con- 
vention of 1911. 

Pursuant to the provisions of the fur-seal convention, there have 
been received by the United States 111 sealskins from the Japanese 
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herd on Robben Island. This number represented the 10 per cent 
share of the United States of the take of 555 skins in each of the 
years 1918 and 1919. These skins, which had been taken and cured 
in an excellent manner, were forwarded in March, 1920, to the De- 
partment’s agents in St. Louis for sale. 


BY-PRODUCTS OF THE SEAL INDUSTRY. 


Shipments in the fiscal year 1920 of commodities prepared at the 
by-products plant on St. Paul Island aggregated 20,568 pounds of 
animal meal, or fertilizer, and 3,000 gallons of oil. The amount re- 
ceived from the sale of fertilizer was $771.30, and for the oil $3,640. 
An excellent grade of oil was produced. The plant was again oper- 
ated in the season of 1920, but shortage of labor and fuel limited 
operations, with the result that 29,000 pounds of fertilizer and 1,800 
gallons of oil were produced. An expert was employed for the op- 
eration of the plant. It is expected that hereafter the work will be 
conducted along more extensive lines. 


FOXES AND REINDEER. 


The blue-fox herds on the Pribilof Islands as a source of revenue 
to the Government are largely dependent on the sealing industry. 
Without the food provided from seal carcasses the fox herds would 
disappear as a commercial proposition. St. George Island is a far 
more prolific producer of fox pelts than St. Paul. On St. George 
there has been developed a method of control that has not yet been 
adopted on the other island. The animals are fed regularly through 
the winter with seal meat preserved from killings of the preceding 
summer, and they are captured in specially constructed traps which 
permits the release of an adequate and healthy breeding reserve. 

In the season of 1919-20 there were taken on St. Paul Island 155 
blue-fox pelts and 33 white-fox pelts, and on St. George Island 746 
blue-fox pelts and 4 white-fox pelts, a total of 901 blue pelts and 
37 white pelts. This was the largest production in many years. The 
yield of both islands in the preceding season was 667 blue skins and 
30 white skins. The white fox on the islands represents a color 
phase of the blue fox, and, as it is far less valuable, every effort is 
made to eliminate it from the herds. It is expected that over 1,000 
blue-fox skins may be taken in the coming winter. 

The blue and white fox skins taken at the Pribilof Islands in the 
winter of 1918-19, with the exception of two withheld for exhibition 
purposes, were sold at public auction at St. Louis on September 10, 
1919. Six hundred and sixty-five blue pelts and 30 white pelts made 
up the sale. The blue pelts brought $130,274.50, an average of $195 
each, and the white pelts $1,660, an average of $53.33 each. 

According to the best available figures, there were 164 reindeer on 
St. Paul Island and 123 on St. George Island at the end of the year 
1919. ‘This is a net increase of 18 over the year before. During 1919, 
36 reindeer were used for food, thus affording a welcome change in 
diet. The herd is in a flourishing condition, having increased to 
its present proportions from the original stock of 40 animals intro- 
duced on the islands in 1911, 
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MINOR FUR-BEARING ANIMALS OF ALASKA. 
VALUE OF FURS PRODUCED. 


The value of the furs shipped from Alaska in the year ending 
November 15, 1919, exclusive of those from the Pribilof Islands, was, 
according to statistics compiled by the Bureau, $1,379,347.66. The 
corresponding figures were $1,305,421.16 for 1918 and $1,028,719.05 
for 1917. The principal furs shipped in the last year were 7,723 red- 
fox pelts, valued at $270,305; 4,575 white-fox pelts, valued at 
$210,450; 28,040 mink pelts, valued at $252,360; and 113,652 muskrat 
pelts, valued at $215,938.80. The statistics of fur shipments were 
collected as in previous years by requiring shippers to report all con- 
signments of furs from Alaska. The Post Office Department con- 
tinued its cooperation in having postmasters report all shipments of 
furs by mail. Asa check on reports of furs from Alaska made other- 
wise than by mail, the records of the customshouse at Juneau are 
available for examination. 


REGULATIONS AND VIOLATIONS, 


No change was made during the fiscal year in the departmental 
regulations for the protection of fur-bearing animals in Alaska, ex-: 
cept that the close season on sea otters was extended for an additional 
period of five years, or until November 1, 1925. While it appears 
that the numbers of sea otters in Alaska are increasing somewhat, 
it seems highly desirable to continue in the inshore waters the pro- 
tection that is afforded offshore by international agreement. 

A considerable number of seizures of unprime furs was made dur- 
ing the year. The regulations forbid the taking of unprime furs 
at all times. A very important seizure was that made in July, 1919, 
of marten and beaver pelts, which had been mailed in Alaska, the 
killing of beaver and marten being prohibited throughout the year 
in Alaska. The seizure was made through search warrants acqui- 
esced in by the Post Office Department and consisted of 714 marten 
skins and 699 beaver skins. The right of the Government to seize 
and hold these:skins was contested, and at the end of the year the 
matter was still undecided by the courts. 


FUR FARMING IN ALASKA. 


On December 31, 1919, five islands were under lease to individuals 
or firms for the propagation of foxes and other fur-bearing ani- 
mals—viz, Chirikof, Long, Marmot, Little Koniuji, and Middleton. 
The annual rental received was $200 or $205 for each island. 

Fur farming continues to be carried on by a number of persons 
in Alaska. Operations are concerned chiefly with the breeding of 
foxes. Whether intensive fox farming will prove in the end suc- 
cessful can not be foreseen at present. In all probability the raising 
of foxes on islands where the animals are permitted to run at large 
will continue to be profitable to those who are so situated as to take 
advantage of conditions. 
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The act making appropriations for the Department of Agriculture 
for the fiscal year 1921, approved May 31, 1920, contained a provision 
that the jurisdiction heretofore exercised by the Secretary of Com- 
merce over land fur-bearing animals in Alaska, the Pribilof Islands 
excepted, be transferred to the Secretary of Agriculture. This trans- 
fer has for several years been advocated by the Bureau of Fisheries. 
The act further provides that jurisdiction in the matter of leasing 
certain islands in Alaska for the propagation of foxes and other fur- 
bearing animals be also transferred from the Secretary of Commerce 
to the Secretary of Agriculture. At the same time the jurisdiction 
over walruses and sea lons previously vested in the Secretary of 
Agriculture was transferred to the Secretary of Commerce. 


MISCELLANEOUS. 
APPROPRIATIONS. 
The regular appropriations for the support of the Bureau of Fish- 
eries for the fiscal year 1920 aggregated $1,206,190. The specific 


purposes for which the appropriations were mace and the amount 
thereunder were as follows: 


SUP LIAS | _ De Le y Re et ee eee 8 ee ee ee ee $4384, 190 
Miscellaneous expenses: 
Joy SEDMTP eS LiTaO ee a A i Age Se Se Te apc aati Neg ee gE br 11, 000 
Propagation and distribution of food fishes_______________-__-_-- 400, 000 
MTEC MANGlOn VEScelseet (Uiitia Pie) Be a eit ee A ee eat LS 120, 000 
Peatiirve respecting 100d fishes -42- == 2S 22 28 2s eee GSE Re 45, 000 
SUPE SCN a UT pe a eae weer pe eer eee 15, 000 
PEBrecEmre Spon ee fISheries 2). = ee ees ee eee 3, 000 
Protecting seal and salmon fisheries of Alaska__________________ 125, 000 
Officers and crew of vessels for Alaska fisheries service____-~__-_ 26, 000 
Special appropriations: 
Cape Vincent (N. Y.) fish hatchery, general repairs___________-_ 8, 000 
Duluth (Minn.) fish hatchery, foreman’s cottage________________ 4, 000 
Wytheville (Va.) fish hatchery, general improvements to water 
SUD] IGP 2 Eee ae ae a ee ee te Se eee emcee 2 Pee pes 5, 000 
Fairport (Iowa) biological station, additional amount for re- 
en ol A DOUALONY, et 2 ns fee he ee 10, 000 


The following deficiency appropriations, amounting to $132,500, 
became available during the year: 


MITT CCHAMIOREOLRV.CSSPISS 2 - | weber: Be As eee ee Pe) lA $5, 000 
TER TELT- Vi eee Te 1 OOO! ISOS! 2s )4 Aree oe eed ps OE yah ob tae 500 
Protecting seal and salmon fisheries of Alaska______~-__..-_______-_-__ 2, 000 


Baker Lake (Wash.) hatchery, replacing buildings destroyed by fire__— 50, 000 
Woods Hole (Mass.) station, replacing machine shop and power plant__ 70, 000 
Fairport (Iowa) biological station, equipment________________________ 1, 000 
Wytheville (Va.) station, improvement to water supply______-__-____- 4, 000 

In accordance with law, a detailed statement of the expenditures 
under the regular and deficiency appropriations will be duly 
submitted. 

BUILDINGS AND IMPROVEMENTS. 


The special appropriation for the construction of a foreman’s cot- 
tage at the Duluth, Minn., station has not been used. Proposals were 
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received from a number of contractors for the work, but none of a 
satisfactory nature within the limits of the appropriation were 
received. _ 

At the Cape Vincent, N. Y., station there has been satisfactory 
progress in making the improvements contemplated. The most 
important items are the general remodeling of the interior of the 
hatchery building. This involves new windows, floors, and floor 
joists, the reinforcing of the stone walls of the building, and the 
general rearrangement of the hatching batteries, pumps and heating 
plant, all making for economy in space and convenience in opera- 
tion. A 10-inch suction pipe from the end of the dock to the pumps 
has been laid and a new pump installed. Concrete piers, to serve as 
a foundation for an 18,000-gallon wood-stave tank supported on a 
steel tower, material for which has been ordered under contract, 
were in place at the close of the year, and the construction of a white- 
fish battery of an improved type, together with a building to shelter 
the fry tanks, was under way. 

The special appropriation of $50,000 for the reconstruction of 
buildings at the Baker Lake station, which were destroyed by fire 
on July 21, 1919, became available in November and work was im- 
mediately undertaken. A new frame hatchery 56 by 180 feet, 
equipped with 150 standard salmon-hatching troughs with a capacity 
for at least 40,000,000 sockeye-salmon eggs and fry will be ready for 
occupancy during the 1920 spawning season, In addition, a tem- 
porary shelter containing 40 hatching troughs was completed in time 
to successfully handle the large egg collections made in the fall of © 
1919. All the lumber used has been cut on the grounds by means 
ot a sawmill purchased and installed for the purpose. This mill 
will be a valuable permanent adjunct to the station. 

The special appropriation for the improvement of the water supply 
at the Wytheville (Va.) station has been used in the installation 
of approximately 4,000 feet of 14-inch wood-stave pipe. The work 
involved the construction of a cement dam in Tates Run, from which 
point the water is taken, the excavation of a ditch 3 feet deep by 
2 feet wide and 4,000 feet long, 500 feet of which were blasted from 
solid rock, and the construction of a dam and four bulkheads of 
cement where the line crosses the creek. The complete installation 
increases the water supply by approximately 1,500 gallons of water 
per minute. The laying of this line necessitated the purchase of a 
right of way across intervening land. 

The new biological laboratory at Fairport, lowa, to take the place 
of the one destroyed by fire, is practically completed and was ready 
for occupancy in the summer of 1920. The building is of concrete, 
stone, and brick construction, and is designed to be fireproof. The 
outside dimensions are 101 feet 8 inches by 54 feet 6 inches. The 
main floor comprises two office rooms, four biological laboratories, 
and a chemical laboratory, besides a room of two compartments for 
embedding and microtome work, a stock room and a museum with 
adjoining work room. On the second floor are a large and well- 
lighted library, 2 laboratories, 10 bedchambers, 3 bathrooms, and 
linen closets. The third floor, which is completed only over the 
center or main portion of the building, comprises 10 rooms which 
may serve as required for bedchambers, storage, and other appro- 
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priate purposes. In the basement there are a boiler room, a coal 
vault, dynamo room, two storage rooms, packing room, dining room, 
pantry, and kitchen, and finally two large rooms for tanks and an 
aquarium. ‘The floors are concrete except in the library. Marble 
terrazzo is employed for floors in bathrooms, in first and second 
story public halls and corridors, and on main stairways. The build- 
ing is equipped with electric lights and with conduits for an inter- 
communicating telephone system. It is steam heated, provided with 
hot and cold water, and is piped for gas in the principal laboratories. 

Plans for a boiler’ and engine house and machine shop at the 
Woods Hole (Mass.) station, to replace the wooden structure, which 
was burned in March, are completed and the contract will be let at 
an early date. 

VESSEL SERVICE. 


At the beginning of the fiscal year the steamer Albatross was at 
Baltimore fitting out and being put in order for the Bureau’s needs 
after her use by the Navy. Considerable additions were made to her 
equipment, including a powerful modern dredging winch and an 
otter trawl.. She sailed October 27 for a cruise in Florida and Cuban 
waters to initiate fishery investigations to serve as a basis for further 
operations by the ship during the next two years. Biological and 
physical oceanographic stations were occupied on four sections across 
the Gulf Stream between Cape Henry and Key West: Across Florida 
Strait, between Key West and Habana; from Habana to Cape San 
Antonio at the western end of Cuba; across the Yucatan Channel to 
Cape Catoche; and from Cape Catoche to Dry Tortugas. The vessel 
returned to Baltimore on January 1, 1920. 

On February 16 the Albatross sailed for Boston, arriving there 
February 24, and making this port headquarters for fishery and 
oceanographic investigations in the Gulf of Maine. This was a con- 
tinuation of investigations conducted in the same waters by the 
Grampus, beginning in 1912. On the trip to Boston the vessel made 
three hauls with a 60-foot otter trawl in the vicinity of the 100- 
fathom curve, with the purpose of determining the occurrence of tile- 
fish and other ground fish off the middle Atlantic coast; she also 
occupied a series of hydrographic stations on a line across Georges 
Bank. The work in the Gulf of Maine lasted until April 21. 

On May 3 the Albatross started an inquiry regarding the spawn- 
ing habits of the haddock in the Gulf of Maine. This work lasted 
until May 19, when the vessel returned to Baltimore, arriving Ma 
20. A general survey of the ship was made on May 25. While she 
was found to be in generally good condition, certain repairs and im- 
provements were authorized and were in progress at the end of the 
fiscal year. 

Owing to the inability of obtaining satisfactory scientific assist- 
ants it was not possible to utilize the steamer ish Hawk during the 
first half of the fiscal year, but on January 10 active operations were 
undertaken. A hydrographic and biological survey of Chesapeake 
Bay was commenced, to be carried out by a series of cruises, each of 
one to two weeks’ duration, at approximately monthly intervals. This 
work is being continued with satisfactory results. The vessel is in 
excellent condition. 
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During the summer and fall of 1919 the steamer Halcyon was at- 

tached to the Gloucester (Mass.) station and assisted in fish-cultural 
work during the season. In January, February, and March she per- 
formed valuable service in keeping the channel in Gloucester Harbor 
cleared of ice, so that fishing vessels could enter and depart. 
- When the Halcyon was turned over to the Navy at the beginning 
of the war, she was not entirely completed and equipped. This need 
has been met, and the vessel has been put in condition for the Bu- 
reau’s purposes. Some desirable alterations in her interior have been 
made, a heavy gun platform has been removed from the forward 
deck, her engine and machinery have been overhauled, and bilge 
keels have been built on. An electric-light plant has been installed, 
and a dredging winch with appropriate gear and apparatus has been 
provided. The work is practically completed, and the vessel is ready 
for service. 

The auxiliary schooner /ider, purchased during the last fiscal 
year for service at the Pribilof Islands, left Seattle on October 26 
for the islands with coal and other supplies and with several Goy- 
ernment employees, reaching her destination on November 22. 
Headquarters for the winter were established at Unalaska, there 
being no harbor or suitable anchorage at the islands. During the 
year the vessel has been almost constantly employed as a tender, 
operating between the Pribilof Islands and Unalaska. Trips were 
made as the weather permitted in January, April, May, and June. 
The vessel has proved satisfactory for the service required. 

The steamer Osprey was engaged as a fishery patrol boat in 
southeastern Alaska waters until August 6, 1919. She was then 
reported to be in an unseaworthy condition, and for the remainder 
of the year was laid up at Cordova. The Osprey, which is 25 years 
old, was purchased by the Bureau in 1912 for $13,000, and has given 
nearly eight years of hard service. She has now outlived her use- 
fulness, and, as it was believed inadvisable to devote any large 
amount of money to put her in first-class condition, she has been 
condemned, and sale has been authorized. 

The two small fishery patrol boats Murre and Auklet have per- 
formed excellent service, being constantly employed in southeastern 
Alaska waters during the entire year. From November 1 to March 
31 the Murre was loaned to the Bureau of the Census for the use 
of census enumerators. This vessel has met with two accidents 
during the year. She caught fire on December 3, 1919, with the 
result of considerable damage to the vessel and loss of personal 
property of the crew. On April 1 she struck a rock and was 
beached in consequence. An investigation showed that both of these 
accidents were unavoidable and no blame has been attached to the 
personnel of the boat. She has already been repaired and is in active 
service. 

The Phalarope and the Gannet have been engaged as usual in fish- 
cultural work, the former in connection with the Woods Hole 
(Mass.) and Bryans Point (Md.) stations, the latter at Boothbay 
Harbor, Me. 

In addition to the vessels mentioned in the last annual report, 
there have been transferred to the Bureau by the Navy Department 
the motor boats Raeo, Edithena, and Wachussetts. The Raeo has 
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ad 
been rechristened the Az#tiwake and assigned to the Gloucester 
(Mass.) station for fish-cultural work, but no definite assignments 
have been made of the other two. It is believed that they will 
prove of value in some of the activities of the Bureau. 
A new motor boat, the Z’ern, was constructed in April for use on 


.the lower Yukon River and in the delta waters. The vessel is 38 


feet long and is equipped with a 35+50-horsepower engine. 
PUBLICATIONS AND LIBRARY. 


The limitation imposed by Congress on the publications of the 
Bureau is proving a considerable drawback. Most of the Bureau’s 
documents are intended to serve a definite public purpose, looking to 
the conservation, maintenance, or proper utilization of aquatic 
creatures. Such publications are therefore deserving of wide dis- 
tribution within proper limits if their purpose is to be achieved. 
Many of the printed reports are the result of protracted inquiry or 
investigation and pertain to the welfare of important branches of 
the fisheries and fish culture in extensive areas where it may be 
desirable, if not necessary, to reach thousands of persons. In these 
circumstances, to restrict editions to 1,000 copies, regardless of their 
cost or regardless of the exigencies of the particular public fishery 
situations intended to be met, and to prohibit the issuance of re- 
prints during the same year in which the original reports were pub- 
lished, may defeat the Bureau’s efforts to render a service for which 
there is a great public demand. The major cost of publications is 
not in paper and presswork and may be not even in composition, 
but in the labors and expenses of investigators. It would, there- 
fore, seem unwise in the case of many of the Bureau’s documents to 
exercise economy only with regard to their least expensive feature. 

The publications issued during the year have been carefully con- 
sidered and designed in all cases to meet a public need. The free 
distribution of documents has been restricted and mailing lists have 
been revised. The series of economic circulars has been added to 
and continues to serve the useful purpose of supplying practical in- 
formation on timely subjects at insignificant cost. The limitation 
on the size of editions acts as a special handicap in the case of these 
documents. 

A noteworthy work accomplished by the librarian is the comple- 
tion of an analytical subject bibliography of the Bureau’s publica- 
tions from 1871 to 1920. These publications constitute a library in 
themselves, and, without doubt, are the most complete and compre- 
hensive collection extant on the fishery industries, fish culture, and 
aquatic biology and physics. More than 6,700 titles occur, and, in 
order to make the matter available for reference, intelligent compila- 
tion and classification are necessary. It is proposed to print this 
bibliography in convenient and inexpensive form, appearing oppor- 
tunely at the close of the first half century of the Bureau’s existence. 


DISINTEGRATION OF THE PERSONNEL. 


_As the concluding section of this report, special attention is in- 
vited to the matter of fair compensation for the loyal and efficient em- 
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ployees of the Bureau in Washington, in the field, and afloat. It is 
hoped that affirmative action may be taken by Congress on pending 
relief measures that affect the force in the District of Columbia and 
that there may also be a readjustment of salaries throughout the field 
service. 

A very serious situation confronts the Bureau because of the dis- - 
integration of the trained corps of specialists in all branches of the 
service, owing to the insufficient salaries allowed by Congress. With 
the cost of living increased at least 100 per cent in the past 10 years, 
the bonus provided by Congress, while most desirable and acceptable, 
must be regarded as a wholly inadequate, purely palliative, and mani- 
festly temporary expedient. No bonus and no salary increase have 
been accorded an important part of the Bureau’s personnel respon- 
sible for the wise planning and efficient direction of the work. 

The Bureau has, therefore, been obliged to submit to the loss of 
valuable employees and the crippling of its technical staff that rep- 
resent years of special training in order to equip them for the peculiar 
needs of the fishery service, because of the notoriously low compensa- 
tion allowed by Congress and the much more attractive positions out- 
side the Government. Unskilled laborers and low-grade mechanics 
are receiving wages that in many cases far exceed the compensation 
allowed by law for high-grade experts in the Bureau’s service, 
while technical positions of responsibility and importance comparable 
to those in the Bureau command salaries in private life that are from 
two to four times those paid by the Government. 

It is therefore not strange that the Bureau should have lost 
through resignations one-third of its scientific force and that other 
resignations therein are pending, resulting in the disorganization of 
a staff that has taken years to build up, will require years to reestab- 
lish under most favorable conditions, and can never be replaced so 
long as the Government offers no financial inducements. In the fish- 
cultural service, owing to low compensation, about two-thirds of the 
statutory positions in the lower grades have been either vacant or 
filled temporarily by old men and boys without qualifications, and 
in many cases even incompetent persons have refused to accept em- 
ployment at the meager rates of pay offered by the Government. At 
one western station the superintendent and one other employee have 
been the only members of the statutory force for more than two 
years, while in other fields the work of important auxiliary stations 
has of necessity been put in charge of inexperienced, temporary men, 
or mere apprentices. 

No private establishment would be expected to function under the 
conditions that have been confronting the Bureau for several years 
and have become more acute each year. Prompt and radical 
measures are now imperatively demanded if complete disorganiza- 
tion of the force is to be obviated. 

Respectfully submitted. 

H. M. Surra, 
Commissioner of Fisheries. 
To Hon. J. W. ALExanper, 
Secretary of Commerce. 
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THE FISHERIES BIOLOGICAL STATION AT FAIRPORT, IOWA. 


By R. E. Coker, Assistant in Charge of Scientific Inquiry, 
_ U.S. Bureau of Fisheries. 


HISTORY AND FUNCTIONS. 


The Fairport station was established by act of Congress in 1908. 
Its construction was begun in 1909, and with temporary equipment 
it began operations in June, 1910. The old laboratory, a frame 
structure of approximately the same dimensions as the present 
fireproof building, was constructed in 1912 and 1913. At the formal 
Feation of the building on August 4, 1914, unusual public interest 
was manifested by the attendance of 5,000 persons and by the con- 
gratulatory addresses delivered by men of prominence in public life 
and by scientific men of established repute. This building was 
unfortunately destroyed by fire on December 20, 1917. The office 
furniture and files and such scientific records as were retained in the 
office in original or duplicate form were saved; but records embodying 
results of tedious investigations were lost, together with the scientific 
equipment. A chief loss was the library, which, though not large, 
included a rare collection of separate papers and monographs, particu- 
larly such as related to fresh-water mussels of America and Europe. 

ortunately, the station comprised a great deal more than the 
laboratory building. The ponds and water system remained intact. 
The personnel of the station adapted itself readily to the changed 
conditions, and the important scientific and administrative work of 
the station was promptly resumed in the cramped quarters afforded 
by the old ‘temporary inpasatory. a small one-story building just 
below the railroad, which had served a similar purpose in the first 
years of the station’s history. For nearly three years valuable 
scientific work was carried on in these poor quarters, both by the 
permanent scientific staff and by a limited number of specialists in 
temporary association with the Bureau—men and women to whom 
personal convenience or comfort was secondary to the achievement 
of the objects to which the station was dedicated. 

An appropriation of $80,000 was promptly made by Congress for 
the erection of a new and fireproof building. This, supplemented by 
two small additional appropriations, made it possible to build and 
partially to equip the present admirable building of brick, stone, and 
concrete. Experience gained during the occupancy of the old 
building, the resourcefulness and skill of the architect,' and the good 
spirit manifested by the constructing company, all combined to make 
the new building superior in available space, convenience, and 
serviceability, and an exceptional value in proportion to cost. 


1 Prof. James M. White, professor of architecture and supervising-architect of the University of Illinois. 
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After unavoidable delays arising from the conditions of national 
emergency, the new laboratory was completed and occupied in 
August, 1920. Again there was a demand upon the Bureau for the 
observance of exercises of dedication, and these were set for October 
7, in connection with a Conference Regarding the Application of 
Science to the Utilization and Preservation of the Resources of our 
Interior Waters (October 7 and 8). The occasion was made impres- 
sive, helpful, and inspiring through the whole-hearted cooperation of 
representatives of the Government, business men, and scientists from 
the leading American universities. Recognition of the national 
significance of this biological station for investigation of problems of 
fresh waters was attested by the presence of delegates from 22 uni- 
versities and colleges and from two independent scientific organiza- 
tions, representing 14 States, from California on the west to Massa- 
chusetts on the east, from Oklahoma and Florida on the south to 
Wisconsin and Michigan on the north. 

The station serves as a base of operations for a large part of the 
scientific work of the Bureau of Fisheries in the Mississippi Basin. 
A primary activity is the propagation of pearly fresh-water mussels; 
but not less significant are its functions in experimental fish culture, 
in investigations of various fresh-water fishery problems, and im 

romoting both a fuller utilization of aquatic products and a broader 
interest in the protection of aquatic resources, in order that the 
future, as well as the present, may be properly served. | 

Through field parties the activities of the station have been ex- 
tended into most of the States of the Mississippi Basin, and the results 
of work done go much further than the Teeakinies in which operations 
are conducted. The benefits of service to the mussel industries are 
felt not only where mussel fishing, or clamming, is practiced, but 
wherever mussels are manufactured into the finished products of 
commerce—in New York and Massachusetts, as well as in Wisconsin 
and Iowa; they are experienced, too, though unconsciously, by all 
who are consumers or utilizers of buttons. The demonstration at 
Fairport of the feasibility of propagating the chahnel catfish in ponds 
can be made useful for the increase of food supply in other parts of the 
United States. The propagation and distribution of some hundreds 
of millions of buffalofish fry in public waters each year is the direct 
result of experiments originally conducted at the Fairport station. 
The broader utilization of fishes formerly considered ‘‘coarse”’ or 
useless is in part the result of practical experiments in smoking fish, 
conducted during several years at this station. The varied services 
of the station will be described and illustrated more fully in later 

ages. 
bye PERSONNEL AND EQUIPMENT. 


Every station of the Bureau is regarded as an agency through which 
as complete a public service is to be rendered as conditions allow, but 
it is evident that the Fairport station combines in a somewhat unique 
way the functions of a fisheries biological station and a fish-cultural 
experiment station. This it does because of the provisions of person- 
nel and equipment authorized by the Congress and because of the 
conditions of its location and origin. 

There is attached to the station a small permanent staff of scien- 
tists, fish-culturists, and’ other employees necessary for continuous 
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operation and uninterrupted experimental work. During some parts 

of the year, as may be desirable and practicable, the personnel 

responsible to this laboratory is much enlarged. The temporary 

associates or employees, comprising investigators skilled in special 

lines, scientific assistants, practical fishermen, or others, make it 
ossible not only to increase the effectiveness of the station, but to 
roaden the territory of its operations. 

About 60 acres of land, extending from the banks of the Mississippi, 
on a two-fifths of a mile front, to the brow of a hill a quarter of a 
mile back, afford ample space for the distribution of ponds and the 
suitable location of buildings. The slope of the ground is such as 
to assure proper drainage and to make it feasible to have a gravity 
flow of water from the storage reservoirs, located on or beneath the 
ground at suitable elevations, to the ponds and buildings. 

There are in all 36 ponds, 14 of which are small and made of con- 
crete, and 22 of which are dug out of the earth, simulating the condi- 
tions of natural ponds and varying in area from one-tenth of an acre 
to an acre or more. There are two water systems, the natural river | 
water, pumped into a large storage reservoir and flowing thence to 
the several ponds, and filtered river water which is stored in low and 
high pressure cisterns and used for domestic and laboratory purposes. 
There is also a complete underground sewage and drainage system, 
which conveys the waste water and sewage into the river well below 
the source of supply. 

The buildings comprise a main laboratory building, a small tank 
house, a boiler and pump house, a boat and seine shed, a storehouse 
and carpenter shop, a small shell-testing shop, and other necessary 
living houses and outbuildings. In some of these will be found 
ee machinery for the two water-supply systems, machinery 
or cutting and finishing buttons in testing work, and such shop and 
field tools as are necessary to make the station as nearly self-contained 
as practicable. 

The principal building, of concrete, stone, and brick, with ground 
dimensions of approximately 100 by 55 feet, has a fully finished 
basement besides two full stories and a finished third story over the 
center and larger portion of the building. The present Uaierataty 
accommodations for 16 investigators can be extended by conversion 
of other rooms into laboratories. A well-lighted library, chemical 
laboratory, photographic room, museum, tank, and aquarium rooms 
are features of the building essential to the efficient accomplishment 
of biological and chemical investigations of fishery problems. To 
afford necessary accommodations for temporary investigators at 
certain seasons, there are provided also a pitahion, a dining room, 
~ and a number of bed chambers which may be converted into labora- 
tories as required. The building is lighted by electricity. 


SERVICE RENDERED. 


WHAT IS DONE FOR MUSSEL INDUSTRIES. 

The services of the Fairport station to the pearly mussel industries 
have consisted in the propagation of mussels, the survey of mussel 
resources, the investigation of mussel problems, and the promotion 
of the protection of mussels. 
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Fia. 1.—The biological laboratory, ground floor plan: D, ice box, 
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Fia. 2.—The biological laboratory, first floor plan; A, tank table; B, chemical hood; C, balance slab. 
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Fic. 3.—The biological laboratory, second floor plan: A, tank table; E, linen closet. 
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Fic. 4.—The biological laboratory: E, linen closet. 
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The survey of resources has resulted in opening new fields, and it 
helps also to furnish the necessary basis of information for estimate 
of the perpetuity of the resources, for the adoption of intelligent 
protective measures, and for guidance in the work of propagation. 
The special investigations and experimental studies have led to im- 

rovements in method of propagation and are pointing the way to 
urther improvements. By investigations in the field and by con- 
tinued observation of the industries, the Bureau has arrived at a 
better understanding of the measures necessary for effective con- 
servation of mussels; and, by propaganda, correspondence, publica- 
tions, and personal conferences, it has been enabled to stimulate 
more general interest in the subject and to cooperate with State 
authorities and others in the framing of suitable protective measures. 

The enactment and enforcement of such measures must be left 
to the several States, but a commendable interest has been shown 
in some States, and a beginning has been made, notably in Wisconsin 
and Minnesota. 

Mussel propagation is carried on by field parties engaged at various 
laces on important rivers. Fishes are seined from the rivers or 
rom overflow waters, are infected with the glochidia (the larval 
forms of mussels) and then liberated again in the public waters. 

The methods of propagation are based upon a peculiar feature of 
the normal course of development of fresh-water mussels. The 
very young fresh-water mussels, with rare exception, when first 
liberated from the incubation pouches of the parent, must become 
parasitic upon fish in order to pass through the next stage of their 
existence. To this end, if the chance offers after liberation, the 
young mussels, or glochidia as they are called in this stage, attach 
themselves to the gills, fins, or scales of a fish. The mussels of 
economic importance attach themselves almost exclusively to the 
gills. In attaching, or biting on the fish, a very slight wound seems 
to be caused, which begins at once to heal over; but, in the process 
of mending, the glochidium is overgrown and thus inclosed within 
the tissues of the fish. The mussel is now actually an internal 
parasite, 17 which condition it remains for a period of two weeks, 
more or less. It is thus conveyed wherever the fish goes, until, 
when the proper stage of development is reached, it frees itself from 
the host and falls to the bottom; if, through favorable fortune, it 
finds suitable lodgment, it continues its growth to form an adult 
mussel. 

The glochidia are so small that the infection, if not excessive, has 
no apparent injurious effect upon the fish that serves as host. In- 
vestigations by the station have shown that mussels do not attach 
to fish indiscriminately, but that for each species of mussel there is 
a limited number of species of fish which may serve as hosts. 

The task of propagation is to bring together suitable fish and the 
glochidia of mussels. Careful studies of natural and artificial in- 
fections show that a moderate-sized fish may successfully carry in 
parasitism from 1,000 to 2,000 of the microscopic glochidia, but 
that under the chance operation of nature few of the glochidia find 
lodgment upon the proper fish or upon any fish. 

During the fiscal year 1920, in round numbers, 183 million glo- 
chidia were liberated in parasitic condition. A considerable pro- 
portion of these glochidia undoubtedly fall upon unfavorable ground 
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FIG. 1.—PONDS FOR EXPERIMENT WORK. 


Earth-walled ponds of various sizes and forms present natural conditions such as may be repro- 
duced on the farm. Small concrete-lined ponds serve the needs of special experiments. Both 
fish and mussels are reared here. 


FIG. 2.—TROUGHS FOR REARING MUSSELS. 


In troughs supplied with naturally clarified water flowing from near the surface of one cf the 
ponds, the best conditions have beenfound for rearing several species of fresh-water mussels. 
As is the fortune of experimental work, success has been variable, but a single trough may pro- 
duce in one season more than 2,000 young mussels one-fourth to one-half inch in length. 
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FIG. 1.—PONDS FOR FISH-CULTURAL EXPERIMENT WORK. 


Part of the equipment used for fish-cultural experiment work. In these ponds we learn how 
to rear buffalofish and catfish, and how to make ponds more productive of black bass, bream, 
and other esteemed game fishes. Mussel culture, too, is practised in these ponds. 


FIG. 2.—A SIMPLE FISHPOND. 


This pond, a quarter of an acre in extent, simulates the natural conditions of a farm pond 
receiving minimum attention. Being stocked with generally esteemed fishes, it is intended to 
answer the question: What will a small pond yield without special attention? 
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or fail from other causes to reach maturity. However, it is the 
large number which can be infected on fish and liberated at small 
expense that justifies a confidence in the accomplishment of com- 
mensurate benefits. The average cost per 1,000 glochidia artifi- 
cially infected on fish in the fiscal year 1920 was less than 6 cents, 
inclusive of overhead expenses. 


Some of the streams in which this work has been carried on are_ 


the Mississippi River, at various*points, the Ohio and Cumberland 
Rivers, the Wabash River in Indiana, and the White and Black 
Rivers of Arkansas. 

In connection with the propagation of mussels, many fishes are 
rescued from land-locked ponds and restored to the rivers. In 
this way, during the fiscal year 1920, 36,442 adult and 871,553 
fingerling fish were preserved from probable death by suffocation 
with the drying up of the temporary ponds, and this benefit was 
accomplished practically without expense additional to that neces- 
sarily incurred for the propagation of mussels. * 


WHAT IS DONE FOR FISH CULTURE. 


The services of agricultural and experimental stations to the 
farmer are so well understood that large appropriations are annually 
made by the Federal Government and by every State in order that 
there may be conducted the various sorts of investigations and ex- 
periments that are necessary to assist the farmer in producing larger 
and better crops with the greatest degree of economy. It is like- 
wise important that studies and experiments be carried on to in- 
crease the productiveness of streams and lakes and ponds. The 
grower of fighes is even more dependent than the land farmer upon 
guidance from governmental experiments. A wheat: grower or a 
cattle raiser has some chance to try out various methods and ascer- 
tain the effects by watching the growth of his crops or of his stock. 
The fish farmer, on the other hand, may try different methods, but 
he can not see how they work. Furthermore, nearly all of our 
water areas are under public and not private ownership and control, 
‘sited the public is justified in expenditures for experimental 
work. 

Nearly all that we know of fish culture in America has been learned 
in connection with practical fish-cultural stations, where, since the 
establishment of the United States Fish Commission 50 years ago, 
many experiments have been carried out. The accumulated experi- 
ence of keen and observant fish-culturists is of inestimable value; 
yet it should be pointed out that the function of a fish-cultural 
station is to produce as large as possible an output of fry or fingerling 
fish to be distributed in various waters where others must assume the 
responsibility for bringing the fish to maturity. It is not the pur- 


' pose of such stations to work out by tedious experimentation and 


careful studies the conditions necessary to make individual ponds as 
pale as possible for market fish. As yet no other station of the 

ederal Government than Fairport has been designed to serve this 
function. 


1 During the first half of the fiscal year 1921, through the cooperation of the National Association of 
B tton Manufacturers, more than 5 million fishes taken in the Bureau’s rescue work along the Upper 
ssissippi River have been infected with mussels and liberated. 
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A few years ago no catfish except the small bullheads had been 
successfully propagated, although attempts to breed them in ponds 
had repeatedly been made. Having at Fairport the facilities and the 
personnel for continuous fish-cultural experiments, the channel cat, 
or common spotted catfish, the most favored of the tribe, was chosen 
as one of the fishes for experiment. Success was not attained in the 
first two or three years, but finally the right thing was done, and the 
propagation of the fish was found to be practicable. The methods 
may be and should be improved, but the results obtained can now be 
made useful for the promotion of fish culture and increase of food 


supply. 

‘ll attempts at artificial propagation of the buffalofish yielded 
most discouraging results until this station by properly conducted 
experiment demonstrated its entire feasibility and thus made a par- 
ticularly valuable contribution to fish culture. The buffalofish are 
large species of commercial fish, in good esteem, formerly abundant in 
the principal rivers of the Mississippi Basin, but of late years dimin- 
ishing in numbers. The hatching of the eggs of buffalofish by arti- 
ficial means with the subsequent liberation of the fry or fingerling is 
now shown to be practicable, and it has been put into practice on a 
large scale through the fish-cultural stations of the Bureau. There 
are in progress at Fairport further experiments to determine if this 
fish may be successfully grown in properly controlled ponds. 

Other experiments at this station relate to the growing of game 
fishes in ponds. Incidental to the experiment work, a considerable 
number of fish of several species are propagated each year and planted 
in the Mississippi River. 

The task of fish culture is only begun when the fry or fingerlin 
fish are produced and placed in ponds. The success of the pont 
depends upon the rate a growth of the fish and the proportion of the 
original stock which survives. The poultry raiser does not overrate 
his accomplishment when several thousand young chickens are 
transferred from brooders to yards. His success or failure is meas- 
ured when the chickens are ready for market, by their number, 
weight, and quality. If fishes are to be grown successfully in ponds, 
it is necessary to know upon what they feed and how this food is 
maintained in the pond, and what other conditions are favorable or 
unfavorable to the survival and growth of the fish. 

Let us again find a partial analogy in the rearing of farm animals. 
Is the farmer concerned only with ‘his cattle, or does he in the selec- 
tion, the preparation, and the conduct of his farm, give thought to 
the growing of pasture plants and hay grain foods? Can he ignore 
the parasites which cause disease or weakness among his animals; 
Would he not be stupid to overlook the insects or plant rusts that may 
sweep his pastures or crop fields bare? Evidently the stock farm is 
a good deal more than an abiding place for large and useful animals; 
it is a complex association of cattle, plants, insects, birds, worms, soil 
bacteria, and what else, not to mention such inanimate things as soil 
chemicals, water, and air. The fish pond or the fish stream 1s just as 
much a complex—more of one, it must be thought, because, tlhiough the 
air on the land farm is ever-present in unlimited quantities, the air in 
the water farm is limited and variable. Suffocation of the cow in the 
pasture is never feared, but partial or complete suffocation of fish is 
a frequent reality. Furthermore, the movements of fish are often 
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governed by distribution of air or waste gases in the water, and the 
quantity of animal life in the pond is limited by the supply of dissolved 
ases. 

F Since the air supply of fish, without which they can not live, varies 
both seasonably and irregularly, the investigators must study the 
conditions of occurrence and distribution of gases in ponds and 
streams that we may learn what is favorable and what is unfavorable 
to the best conditions of gas content and thus to productivity of 
useful animals. 

Since the air and the chemicals of water and soil are brought to 
the fish through the intermediation of small plants, small floating 
animals, creeping insects, and other things, these must all be carefully 
considered in their relation to fish culture. The relations are com- 
plex and the investigators must concentrate attention in different 
studies upon particular animals or plants. Some of the investiga- 
tions so far pursued at Fairport relate to the food of the fishes at 
various stages of development, the kinds of plants that are most 
suitable and necessary in fish ponds, the relations of certain insect 
larvee as food or as enemies of fish, and the occurrence of parasites 
that weaken the growing fishes and cause them to die or become an 
easier prey to enemies. ; 


OTHER SERVICES TO FISHERIES. 


A good deal of valuable work which is not directly related to 
mussels or to fish culture is done at and from the Fairport station. 
A few typical forms of service may be cited. 

The construction of the dam across the Mississippi River, about 
100 miles below Fairport, at Keokuk, Iowa, gave opportunity for a 
comprehensive investigation of the effects of water-power develop- 
ments upon the fisheries of large rivers, and considerable information 

has been gained as the result of observations continued over a period 
. y kien years at Keokuk and at various points both above and 

elow. 

Chemical studies pursued in the laboratory have been directed 
toward ascertaining the food qualities of some aquatic products and 
possible methods of improving them. 

Studies of the diseases of fishes, the causes and remedies, have been 
pursued. It has been learned that the slight injuries incidental to 
the handling of fish in warm weather, particularly in rescuing fishes 
from overflow waters, often lead to bacterial infections which cause 
serious mortalities. Means of prophylaxis are being devised which 
may be simple of application and effective in materially increasing 
the effectiveness of rescue operations in warm weather. 

Somewhat apart from the ordinary lines of activity of the station, 
but corresponding to an evident need existing along the Mississippi 
River, there were conducted during a period of years some simple 
but immediately practical experiments in smoking the common 
fishes of the Mississippi River which had no particular value in the 
fresh state and a 4 brought so little return to the fishermen that 
they were often allowed to go to waste. Some of these were occa- 
sionally smoked, but in many cases the smoking was so carelessly 
or ignorantly done that the product was inferior in taste and in keeping 
quality. Others were thrown away or sold for nearly nothing. The 
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result of the experiments at Fairport was to enable the Bureau in a 

eriod of food emergency to issue a printed circular describing in 
Hetadl the construction of a simple portable smokehouse, the methods 
of operation for different fishes, and the qualities of taste imparted 
to the fish by several sorts of fuel. This was followed almost imme- 
diately by sending out demonstration parties along principal rivers 
and even along the seacoast, proving by actual test, both to fisher- 
men and to housekeepers, that ‘‘coarse’”’ or ‘‘useless’’ fishes could 
be made palatable to the consumer and profitable to the fishermen. 
This was a simple and practical thing to do, but it required some 
years of experimental work, as opportunity offered, to try out various 
fishes by varied methods and to learn some things that were entirely 
unexpected. 

The Fairport station, then, as a special agency of the Bureau of 
Fisheries, adapts its services within reasonable limits to the varying 
needs arising within its sphere of action. It endeavors to bring about 
a broader and better understanding of our inland waters as national 
resources—that they may be viewed not only as channels of surface- 
water drainage, as avenues of transportation, or as convenient and 
economical sewers, but as fields for the continuous production of 
necessities of food and raiment. It has set before it the task of dis- 
covering by scientific study and by practical experiment the con- 
ditions of preservation and increase of the useful life of inland waters. 

Its work should tend to disclose what degree of protection is neces- 
sary and what methods are feasible, what conditions of biological, 
chemical, and physical environment are favorable for increased pro- 
duction of fish and other aquatic animals, and what measures may 
be taken to improve the environments in ponds, lakes, and streams. 

The objective, let us say, is the prevention of the continued deple- 
tion of our aquatic resources, and the bringing of all interior waters 
to a condition of greatest fruitfulness. The way may be long and 
beset with obstacles, and success can be attained but gradually and 
by means of persistent effort and panstalne study. As we have 
indicated, some small milestones of progress have been passed, but 
it must be evident to all that the main task is for the future and that 
it is big enough and sufficiently complex and offers a degree of promise 
not only to justify the best efforts of the station, but to enlist the 
cooperation of all those having opportunity and interest to render 
public service through attention to the resources of interior waters, 
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REPORT OF THE DIVISION OF SCIENTIFIC INQUIRY FOR THE FISCAL YEAR 1920. 


By R. E. Coker, 
Assistant in Charge. 


INTRODUCTION. 


There are times when it is worth while to inquire somewhat search- 
ingly into the value of the varied activities of the Federal Govern- 
ment, to ask what good purposes are to be served through a particular 
governmental function. Clearly, such a time is upon us now, and it 
is appropriate, therefore, to prefix this report of progress with a 
brief statement suggestive of the purposes which the Bureau of Fish- 
eries attempts to serve through the Division of Scientific Inquiry. 

The direct and practical relation of scientific studies to the fishery 
industries is not always clearly understood. A successful industrial 
establishment depends no less upon the maintenance of the source of 
supply than upon the marketing of its product. The Division of 
Scientific Inquiry stands with reference to the fishery industries 
somewhat in the same relation as the supply department to a manu- 
facturing concern: It does not produce the raw materials, but it 
concerns itself with the problems of ultimate sources, of judicious 
exploitation, and of the means and conditions of maintenance or 
possible increase of supplies. 

To be more concrete, an oyster industry is impossible without 
oysters, but it is now painfully evident to all concerned that, in 
northern waters at least, the continuance of a supply of oysters de- 
pends upon the solution of problems of scientific inquiry, the prob- 
lem, for example, of the conditions of securing a set. The salmon 
industry ranks among the very first in the fisheries of the United 
States, yet in most waters we have witnessed a gradual decline in the 
abundance of salmon, and where such a decline is not manifest, as in 
the Columbia River, it is universally attributed to the measures of 
artificial propagation. The Bureau is therefore urged to investigate 
the conditions of success in maintaining the desired runs by artifi- 
cial propagation, and to furnish that knowledge of the life history 
and migrations of salmon without which they can not be successfully 
protected and conserved. These are problems of scientific inquiry. 
The stock of whitefishes in the Great Lakes has been gradually de- 
pleted, but protective measures can not be most intelligently de- 
vised and enforced without knowledge of the life history, habits, 


¢ That in this case is a function of nature as assisted by fish-cultural operations. 
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and movements of the fish, and this can be gained only by the skill- 
ful application of the methods of science. Nearly all persons con- 
cerned in the great shrimp fisheries recently developed off the South 
Atlantic and Gulf Coasts view with concern the future maintenance 
of the supply. Can the shrimp be wisely protected or most judi- 
ciously exploited while we do not know when or where it breeds or 
why it appears here or there in greater or lesser abundance? Clearly 
scientific studies have a very practical relation to the perpetuation of 
such a fishery. 

Beyond a doubt, there is no one connected with the fishing industries 
who believes, with reference to the majority of the existing fisheries, 
that any of them will maintain its present importance in future time, 
except as the resources upon which it is based may be conserved by 
sensible measures of protection. And certainly no one concerned with 
the determination of protective measures would hesitate to say that 
we must know the fish (or shellfish) and its manner and conditions 
of life if we would successfully protect it. 

It is, then, of direct and not indirect importance, of practical and 
not theoretical significance to the fisheries that we should study the 
fish and attempt to solve some of the many problems upon which 
depend the perpetuation of the resources and the development of the 
industries. The industries are founded absolutely upon the resources. 
The maintenance of the resources is conditioned upon the results of 
scientific inquiry. How shall depletion be prevented? To what ex- 
tent can utilization be carried? What are the possibilities of propa- 
gation, the conditions, the results? What are the methods and con- 
ditions of protection? How can the natural environment be im- 
proved? How can disease be combated or unfavorable conditions of 
environment be changed? It is such questions as these that scientific 
inquiry must answer. The very statement of the purposes to be 
served renders unnecessary the presentation of argument for their 
pursuit. The merit of the service performed can best be determined 
from the report of its progress that follows, allowing, as one must, 
for the varied geographic and industrial interests to be served. 

The Bureau does not, of course, fulfill all of its functions in scien- 
tific inquiry at any given time, but this report will serve to indicate 
the present scope of work, as well as the progress that is being made. 
It may be remarked.finally that the activities of the fiscal year just 
closed were reduced as compared with that of previous years, and 
that further reduction will mark the year next to come, due to the 
loss in course of the last year of not a few of the men who con- 
tributed to the accomplishment of the year’s work. What has been 
done is due to the loyal and efficient services of men who have labored 
without stint under conditions of discouragement. Acknowledg- 
ment is due no less to those who have left only under the impulsion 
of circumstances than to those who have found it possible to continue 
in service. 

STUDIES OF FISHES. 


ANATOMY OF THE SALMONS IN RELATION TO FISH CULTURE. 


From time to time the Bureau has had reports of abnormal condi- 
tions of brood fish at its trout stations, such as the sterility of brood 
fish which have been used for several years. ‘These conditions do not 
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keep the hatcheries from having success in propagating fish, but they 
do make the output less and the cost more. They involve waste, and 
it will pay, therefore, to find and remove the cause. It has always 
been supposed and was seemingly established by published descrip- 
tions that the eggs of salmonide are passed into the abdominal cavity 
and thence discharged. Recently Dr. W. C. Kendall, scientific as- 
sistant, as the result of anatomical researches, discovered that the 
published descriptions were wrong as referring to the several species 
which have come under observation. He has found that the mem- 
brane by which the ovary is suspended enfolds it in such a manner 
that the mature eggs do not normally fall into the abdominal cavity 
but pass along a sort of trough formed by a continuation of the sus- 
pending and enfolding membrane of each ovary, which extends to a 
point not far from the outlet, where the two unite into a single 
trough attached to the upper surface of the intestine. It is also ap- 
parent from the conditions discovered that eggs which escape into the 
body cavity could not in any conceivably normal way be subsequently 
discharged. The escape of eggs into the abdominal chamber 1s then 
abnormal, and the common observation of eggs in this space may be 
presumed to result from the improper handling of fish in artificial 
spawning operations or in preparation for dissection. 

It was suspected that the bad condition of brood trout at some 
fish-cultural stations may have been due to rough or careless handling 
during spawn taking. Examination of specimens sent in from sey- 
eral stations strengthened this suspicion. Dr. Kendall then pro- 
ceeded to visit a fish-cultural station, observe carefully the operations 
of spawn taking, and make immediate examinations of the fish. The 
results of the observations made at one of the best stations, taken 
in connection with the studies just mentioned, indicate that the 
abnormal conditions referred to were probably due, not so much to 
careless spawn takers as to wrong practices. Improvements in 
method are required, though additional thought and study seem nec- 
essary before explicit directions can be given. 


ATLANTIC SMELTS. 


Dr. W. C. Kendall, with the aid of D. R. Crawford, is completing 
a monograph of the species of the smelts (Osmerus) of the Atlantic 
coast of North America. The smelts are abundant and widely dis- 
tributed fish of small size, which are of value not only in the markets, 
but also in the water as a source of food for game and food fish 
of larger size. The studies pertain to the geographical distribution, 
life history, growth, habits, habitats, and importance, and to the 
conditions of conservation both of the marine and the fresh-water 
smelts. Particular attention is given to those of New England and 
to the “ice fish” of Lake Champlain. There are indications of local 
races of marine smelts, and some fresh waters appear to be inhabited 
each by a race or species, distinct not only from the marine smelt but 
also from smelts of other fresh waters. The variation in size attained 
in some of the fresh waters of Maine is remarkable. Some lakes are 
inhabited by two distinct sizes of mature smelts, each having well- 
defined breeding seasons and subsisting upon different kinds of food. 
In one lake the minimum size of the small smelt when mature is 
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about 14 inches and the maximum size of the large smelt 4 inches, 
while in another the minimum size of the small form at maturity is 
about. 4 inches and the maximum size of the large form 15% inches. 
We have to do, it seems, either with different species or with distinct 
races; that is to be determined later. 


DETERMINATION OF SPECIES AND RELATIONSHIPS IN THE SALMON 
FAMILY. 


One of the obstacles to the best success in fish-cultural work is the 
great difficulty of distinguishing positively the species of trouts and 
salmon. To obtain the desired results in propagation and distribu- 
tion of fish, it is necessary to know beyond a doubt what species is 
being propagated and planted, as well as what kinds are native to 
certain waters, and what have previously been introduced. Never- 
theless there still exist among sportsmen, fish-culturists, and scientists 
varying and conflicting opinions regarding the identity and relation- 
ships of the species of Salmonide, notably in the case of the steel- 
head and rainbow, fish which are extensively propagated by Federal 
and State hatcheries. 

The difficulty les solely in the fact that sufficient technical work 
has not been done upon the structural examination and comparison 
of such fish in numbers and from varying localities. 'The bureau 
has, therefore, encouraged the prosecution of a thorough and critical 
study of the structure and relationships of the members of the im- 
portant salmon family. 

Dr. W. C. Kendall, scientific assistant and ichthyologist, has given 
much attention to the osteology (bony structure) of salmon, trout, 
and related fishes, which, with studies of scales, proves of much value 
in the determination of families, genera, and species. While verify- 
ing many of the statements of others, some new facts have been 
discovered.* 

A paper which is in preparation, based upon a study of trout from 
various regions of the West and upon geological considerations, pre- 
sents a scheme of origin and distribution of the trouts which offers a 
plausible explanation of their present distribution and throws light 
upon hitherto obscure problems of classification. 

Another report nearing completion is believed to settle the much- 
discussed question of the specific identity or distinctness of the rain- 
bow and steelhead trouts.? 


«Tt appears that the salmons, trouts, and chars form a family (Salmonide) distinct 
from the whitefishes and ciscoes (Coregonide), the latter being based upon the characters 
enunciated by Cope and given by later writers as the characters of a subfamily. It has not 
yet been decided whether or not the grayling should be regarded as a family (Thymal- 
lide, Gill) distinct from the whitefishes (Coregonide), in which Regan inciudes them. 
The separation of the Pacific coast salmons (Oncorhynchus) from the genus which 
embraces the Atlantic salmon and rainbow and steelhead trouts is definitely confirmed. 
The lake trout (Cristivomer) is found to be notably different from the brook trout 
(Salvelinus). The smelt family (Osmeride, Regan) should also stand as distinet from the 
Argentinide. The pelvic bones of Argentina silus are widely different from any other 
isospondylous fish examined. 

» After a careful study of the fish from taxonomical, anatomical, and distributional 
evidence the conclusion is reached that there are at least two wild forms which have been 
confused under the names of rainbow and steelhead trouts. One is predominantly migra- 
tory (ascending fresh waters from the sea), the other predominantly a permanent” resh- 
water inhabitant. The name Salmo irideus was originally bestowed upon a small steel- 
head form, as was also Salmo rivularis. There is absolutely no doubt concerning the 
proper application of Salmo gairdnerii to the steelhead, as Richardson’s description is 
that of a large Columbia River fish and not a small blueback salmon (Oncorhynchus 
nevka), aS one writer has stated. Contrary to current descriptions, the steelhead has 
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THE WHITEFISHES AND THEIR RELATIVES. 


For a long time the Bureau, the several State fishery authorities 
concerned, and the trade have felt the serious need of knowledge re- 
garding the habits of the whitefishes, ciscoes, and so-called lake her- 
rings of the Great Lakes. Yet up to the present time we have not 
had even that positive determination of the species which is an essen- 
tial basis of an inquiry into migrations, propagation, and other habits. 
During the past two or three years Dr. Walter Koelz, general assist- 
ant, has been detailed to a comprehensive study of the whitefishes and 
their relatives in the Great Lakes, beginning in Lake Huron. During 
we past year he completed the field work and report based upon that 
ake. 

His report, which represents a substantial advance in knowledge of 
these fishes, is based upon a collection of 3,000 specimens of Lake 
Huron Coregonines and on field data as to their breeding times and 
breeding places, geographic and depth distribution, and migrations. 
He has definitely distinguished and defined 10 forms—8 species and 
2 subspecies—all of which are referred to the Linnaean genus Core- 
gonus. Two new species are described and three subgenera are recog- 
nized (Leucichthys, Coregonus, Prosopium). The forms of one sub- 
genus (Leucichthys) fall into two ecological groups: (1) the lake 
herrings (artedi, manitoulinus), and (2) the chubs (alpenae, reig- 
hardi, johannae, nigripinnis) and bloaters (Aoyi and its variant pro- 
fundus). 

The lake herrings are taken in shallow water to a depth of 16 
fathoms, rarely deeper. One of them (artedi) is known also to range 
the surface waters to a considerable distance from shore. They 
spawn in November in shallow water on sand and gravel. The chubs 
and bloaters are taken near the bottom in water 30 to 80 fathoms or 
deeper. They occur on mud or clay bottom and feed chiefly on species 
of crustacea and mollusca. The spawning season for the five species 
extends from late August to March. 

The species of chubs and bloaters have definable but overlapping 
ranges as regards depth. Each form has its greatest density of popu- 
lation at the center of its bathymetric range, and this density dimin- 
ishes toward the borders of its range. 

The pilot, Coregonus (Prosopium) quadrilateralis, occurs usually 
along the shores to a depth of 20 fathoms. It breeds in November in 
shallow water on rock or gravel bottom. The whitefish, Coregonus 
clupeiformis, is also shore-loving, seldom occurring deeper than 20 
fathoms. It spawns in November in shallow water on rock or gravel. 
It is not expected that the report will be offered for publication before 
the investigations in other lakes are completed. 


larger (fewer) scales than the rainbow, and there appear ‘to be other though incon- 
spicuous and concealed structural differences. 

There is probably more than one species or race of rainbow trout, and possibly also 
of steelhead. However, the rainbow trout of fish tulture is largely from McCloud River 
(Calif.) stock and should bear the name, not Salmo irideus, but Salmo shasta. The fish- 
eultural rainbow stock has been more or less affected by admixture of another form 
principaliy from Klamath River, which may be another form or species of rainbow or 
perhaps a steelhead. This admixture is clearly perceived in the appearance and structure 
of many specimens of the rainbow stock of some of the hatcheries. The steelhead stock 
has always, so far as known, been unadulterated Salmo gairdnerii, although in the dis- 
tribution from hatcheries it is known that in some instances the two forms have been 
regarded as identical and distributed as rainbow trout. Pure Salmo shasta is distin- 
guished from pure Salmo gairdnerii by the smaller seales of the former. 
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BIOLOGY OF THE PACIFIC SALMONS. 


The salmon fisheries, very valuable in themselves, support a pack- 
ing industry, the product of which is of still greater value. Speak- 
ing in terms of appropriate correctness, we may say that the salmon 
taken from the rivers and lakes of Pacific Coast States and Alaska 
now yield each year 6 pounds of highly nutritious meat food for each 
man, woman, and child in the United States and its possessions. 
We enjoy and esteem these valuable economic resources now, but it 
is a serious question if the generations to follow will derive like 
benefits from the same waters. 

It is true that the salmon are not necessarily exhaustible like a 
mineral resource, but that they are by nature self-perpetuative, pro- 
vided only that present and future utilization is rightly regulated 
and that artificial propagation is intelligently directed. The de- 
cline of the fishery in most of the waters of the Pacific coast is clear 
evidence that we are not yet properly meeting the requirements in 
propagation and regulation. The situation in Alaska waters, a rela- 
tively new field of exploitation, has already reached a stage which 
investigators assure us is critical and which may be but the begin- 
ning of an era of decline. 

It becomes a high responsibility, then, that we find out what must 
be done, that we study the salmons until we know fully their hfe 
histories and habits and the conditions of the maintenance of the 
runs. 

The investigations conducted by Prof. C. H. Gilbert and Mr. 
Henry O’Malley in Bristol Bay and other Alaska waters, through 
cooperation of the Divisions of Scientific Inquiry, Fish Culture, and 
Alaska Fisheries, are reported fully in “Alaska Fisheries and Fur 
Industries in 1919,” and need not, therefore, be described in this 
connection. 

In Pacific Coast States studies of salmon have been conducted pri- 
marily by Willis H. Rich, with particular attention to the life his- 
tory of the chinook salmon of the Columbia River. 

Careitetable progress has been made in the study of the life history 
as based on scale analysis. The necessary foundation for this work 
was laid by studies conducted during previous years and published 
recently under the title, “The Early History and Seaward Migration 
of the Chinook Salmon in the Columbia and Sacramento Rivers.” ? 
Even with the data at hand, the accurate interpretation of the adult 
scales has proven an extremely difficult task, owing to the great di- 
versity in the types of nuclear growth. As a result of the study of 
large series of scale photographs and the calculations of sizes at vari- 
ous ages of several hundred individuals, it has now become possible to 
interpret fairly accurately the age and early history from examina- 
tion of the scales of adult fish. From investigations pursued in the 
various tributaries of the Columbia River, it is found that many con- 
tain distinguishable races, just as had previously been shown in the 
case of the sockeye. The study of the chinook salmon taken in the 


«Bower, Ward T.: Alaska Fisheries and Fur Industries in 1919. Appendix IX, Report. 
U. S. Commissioner of Fisheries, 1919. Washington, 1920. 

+Rich, Willis H.: Early History and Seaward Migration of Chinook Salmon in the 
Columbia and Sacramento Rivers. Bulletin, U. S. Bureau of Fisheries, Vol. XXXVII, 
1919-20, pp. 1-78. Washington, 1920. 
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open ocean by trollers and purse seiners has progressed to the point 
where a preliminary report is in course of preparation. 

Satisfactory returns are being obtained this year from one of the 
experiments in marking young chinook salmon at the hatcheries of 
the Columbia River. Some returns have been obtained from three 
other experiments, and it is possible that additional results may be 
obtained later this year. 

Additional marking experiments have been started during the past 
year with particular reference to chinook fry and yearlings and year- 
ling sockeyes. At the same time, and in cooperation with the State 
Fish and Game Commission of Oregon, a representative of the 
. Bureau began last spring the tagging of adult steelhead in the Rogue 
River. A proposed study of the steelhead and chinooks in this stream 
has, for various reasons, been delayed. 


HABITS OF FRESH-WATER FISHES. 


Perhaps no papers published by the Bureau are of more service to 
fish culture, to angling, and to the utilization and conservation of 
fresh-water fishes than those which comprise the results of careful 
studies into the habits of useful fishes. The works of Dr. W. C. 
Kendall, Dr. A. S. Pearse, and Dr. Jacob Reighard fall naturally 
into this class. Recent studies by Dr. Kendall are referred to in 
another place. The results of Dr. Reighard’s observations are to be 
given publication in other places. 

Some results of Dr. Pearse’s recent studies are embodied in two 
useful reports, of which one was published last year and-the other 
of which is in press. They are entitled, respectively, “ Habits of the 
Black Crappie in Inland Lakes of Wisconsin ”@ and “ Habits of Yel- 
low Perch in Wisconsin Lakes.” The observations, which have 
been extended to several lakes, are based upon numerous collections 
at various seasons, places, and depths, the tagging and recovery of 
individual fishes, studies of food and parasites, and various other 
considerations. 


BREEDING HABITS OF THE PADDLEFISH. 


During a considerable portion of the past two years Dr. A. D. 
Howard, field assistant, has conducted an inquiry into the breeding 
habits of the paddlefish, Polyodon spathula, a food fish of the Missis- 
sipp1 Basin, which attains a large size and which is of particular 
value because its eggs make a grade of caviar scarcely inferior to 
that of the sturgeon. This important fish is diminishing in numbers, 
but all attempts at artificial propagation and all previous investiga- 
tions of the breeding habits of the species have been barren of practi- 
cal results. The present investigation, which began in January, 1919, 
was made possible through the cooperation of the Conservation De- 
partment of Louisiana. 


«Pearse, A. S.: Habits of the Black Crappie in Inland Lakes of Wisconsin. Appéndix 
III, Report, U. S. Commissioner of Fisheries, 1918, 16 pp. Washington, 1919. 

» Pearse, A. S.. and Henrietta Achtenberg: Habits of Yellow Perch in Wisconsin Lakes. 
eatin tT U. S. Bureau of Fisheries, Vol. XXXVI, 1917-18, pp. 2938-866. Washington, 
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Observations were first undertaken in White Lake, near the Gulf, 
where the Superintendent of Fisheries had previously conducted in- 
vestigations of the spawning of paddlefish. Owing, however, to 
changes having occurred in the lake due, it was believed, in part to 
drought and removal of water from the lake for irrigation of rice 
fields and in part to overfishing, no paddlefish were obtained. The 
investigator then proceeded to Natchitoches and Red River Parishes, 
where better conditions were encountered both in the Red River and 
in the Oxbow Lakes adjacent to it. Here over 300 paddlefish were 
taken, of which 17 were mature females with eggs and 3 were mature 
males. No females with eggs free or running were found, but one 
spent female was taken April 2 and another April 11. 

An experiment was made in retaining large paddlefish in a good- 
sized inclosure formed by placing fine-meshed wire netting across the 
mouth of an arm of a bayou. Although no results in propagation 
were obtained, it was demonstrated that paddlefish could be kept in 
such an inclosure for two or three months at least. It was found also 
that by tethering a paddlefish by a line 5 or 6 feet long to an empty 
gallon jug the fish could be kept in good condition and recovered at 
will. 

It was observed that while large mature fish may be found in iso- 
lated lakes, young paddlefish are found only in those lakes or bayous 
which have a connection with the river. Nevertheless, it may be that 
paddlefish propagate successfully in isolated lakes of very large size, 
such as White Lake (in former years), where the chance of avoiding 
enemies is better. Fish retained in small pens or tied with a line were 
frequently attacked and killed by turtles, principally the soft-shell 
turtles. The turtle evidently sought the eggs, since this was the first 
part of the fish to be devoured, and turtles taken in the vicinity were 
observed with paddlefish eggs in mouths and stomachs. 

In the spring of 1920 more attention was given to river fish than to 
those landlocked in lakes, but on account of flood conditions only a 
very small number were secured and none of these were mature males. 
While awaiting more favorable conditions, experiments were con- 
tinued upon the lake fish, the eggs being treated by the artificial fecun- 
dation method successfully used with sturgeon. Eggs in sand re- 
mained free of fungus, but no development was observed in any of 
them. It is believed that success depends upon securing river fish 
(among which only have spent females been found), but a favorable 
season without too much high water is necessary for this. 


LIFE HISTORIES OF MARINE FISHES. 


One of the most important conditions of intelligent exploitation 
or protection of the great fisheries of the seas is a knowledge of the 
life histories of the species. Such knowledge is difficult to. obtain, 
since it is manifestly impossible to observe directly the daily and sea- 
sonal movements of individual fish that possess the freedom of the 
sea. The desired knowledge can be accumulated but slowly through 
the pursuit of oceanographic studies and the continual collection of 
fishes under conditions of accurate record, with especial reference to 
eggs and larve. The material and the data accumulated at any one 
time may tell no useful story, but when there has been gradually 
gathered together a great store of materials, many of the several 
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elements will be found to fall into series; a patchwork quilt is eventu- 
ally formed which depicts in accurate form and in more or less com- 
plete detail the interesting and long-desired story of the migration 
and feeding and breeding habits of one or more species of fish. The 
studies of life histories of fishes of the sea are, therefore, linked with 
the oceanographic studies to receive brief reference in another place. 
W. W. Welsh, scientific assistant, has been engaged in the study and 
identification of the large collections of larval fishes now in the 
Bureau’s possession. Collections pwere also made while he was 
engaged upon the Aldatross, and just before the fiscal year closed 
his field studies were extended to a point on the New Jersey coast 
offering unusual facilities for the daily observation of fishes taken 
alongshore, for experiments in the hatching of such eggs as might be 
obtained, and for rearing the larval fishes to an advanced stage. Mr. 
Welsh has devised an ingenious automatic apparatus for holding 
pelagic fish eggs during incubation so that their development may be 
studied. 
, SARDINE OF NORTHWEST COAST. 


A further inquiry into the occurrence of the pilchard or sardine, 
Sardinia ewrulea, off the coasts of Washington and Oregon was con- 
ducted during the past summer by C. L. Anderson, assistant in the 
Bureau. Observations and inquiries were made near the mouths of 
the Columbia, Siuslaw, Umpqua, and Coquille Rivers, and at 
Yaquina, Alsea, and Coos Bays. It is reported that some sardines 
enter the inside waters every summer, but that the run is extremely 
variable as to abundance. Mr. Anderson suggests that the presence 
of sardines in the bays is largely controlled by the proportion of 
fresh water brought into the bays by the rivers, the run being hight 
or wanting when the salinity of the bay water is lowered. Practi- 
cally none entered these bays during the past summer. While sardines 
may be present in the ocean beyond the bars at practically all times, 
as evidenced by statements of trollers and halibut fishermen and by 
study of the stomach contents of troll-caught salmon, yet the nature 
of the bars over which access to the harbors must be had and the 
severity of weather conditions would make it difficult to operate a 
regular sardine fishery. The evidence now in hand is not favorable 
to the establishment of an important sardine-packing industry in 
Northwest States. 


FISHES IN RELATION TO PUBLIC HEALTH. 


It is doubtful if any function of the Bureau is worthy of higher 
public esteem than one which brings it into direct relation with im- 
provement of the conditions of public health and makes it an effective 
and indispensable servant in the progressive elimination of a disease 
that not only produces vast economic losses by disability of laborers 
and employers, but year by year robs thousands of men, women, and 
children of energy, ambition, and happiness. The investigations of 
previous years not only bore abundant fruit when the Bureau could 
render a substantial service during war times in the protection of the 
health of soldiers in cantonments, but they have placed the Bureau 
in position to play an active and continuing part in the extensive anti- 
malarial campaign in Southern States. 
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Responding to a request from the Surgeon General of the United 
States Public Health Service, Scientific Assistant S. F. Hildebrand 


was detailed in February to cooperate with that Service in making | 


inspections in the Southern States and in conferring and advising 
with the various public health officers, Federal, State, and munici- 
pal, in the use of minnows for the destruction of the immature mos- 
quito. As the work was extended to various points in 12 States, it 
was found that public health officers generally, when properly ac- 
quainted with the conditions of success of mosquito control by the 
use of fish, were glad to make use of a method which in many cases 
was both ‘practicable and inexpensive. Many favorable reports, 
showing considerable savings accomplished by the use of fish under 
favorable conditions, have been given by sanitary engineers and 
others. As compared with control by oiling, the elimination of mos- 
quitoes by the use of minnows is not only inexpensive but also rela- 
tively enduring in effect, if the bodies of water are permanent. 

There appears at this time to be no other mode of mosquito control 
inexpensive enough to be widely applicable in rural communities 
where measures of drainage and oiling could be employed only at a 
per capita cost that renders them impracticable. The principal fish 
used is the common southern top minnow (Gambusia affinis), al- 
though the star-headed minnows (Pundulus notatus and Fundulus 
notti) are being used to a limited extent. Many observations in 
various localities give positive demonstration of the effectiveness of 
Gambusia in eradication of mosquito breeding under appropriate 
conditions. 

It is not to be inferred that mosquito control by fish is attained 
automatically; rather is the exercise of intelligence, knowledge, and 
care essential for success. It must be borne in mind, too, that as yet 
there have been discovered only some of the conditions of successful 
control. Much remains to be learned by repeated observations and 


experiments before the broadest use of fish as an agency for the 


prevention of malaria will be possible. Therefore advice and demon- 
stration of what is now known must not be allowed to displace the 
plans for further investigational. work. The same assistant will 
continue to prosecute investigations and extend practical services 
with particular reference to the conditions in Southern States. 


FISH AND MOSQUITO STUDIES AT MOUND, LA. 


Previous reports have mentioned the cooperative investigations 
which were being pursued with the Bureau of Entomology at the 
field laboratory of that Bureau at Mound, La., R. L. Barney being 
the Bureau’s resident agent in charge. The observational and ex- 
perimental work at that station was brought to a close about the 
middle of the fiscal year in order that the accumulated data might 
be compiled and a report prepared. Reports on certain phases of 
this investigation have been prepared, but the completion of a final 
report has been delayed by the loss of an assistant and by the un- 
avoidable exactions of other duties, 
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MOSQUITO CONTROL IN NORTHERN WATERS. 


While malaria is not prevalent in Northern States, the mosquito 
problem persists and exerts its ill effect upon property values, in- 
dustrial productiveness, and personal efficiency. This was well illus- 
trated when large sums of money were expended in the effort to ex- 
terminate mosquitoes in the vicinity of a large shipyard. 

Prof. J. Percy Moore, of the University of Pennsylvania, as a tem- 
porary investigator for the Bureau, has been charged with certain 
experiments conducted in the vicinity of Philadelphia. He has also 
participated in investigations in the Palisades Interstate Park with 
reference to the control of mosquitos by the use of fish and other 
aquatic animals. <A very gratifying degree of cooperation is ex- 
tended by the officials of the park, and experiments have been started 
which are producing results of scientific and practical interest. Im- 
provement of the shore conditions around one of the principal ponds 
of the park has already resulted in giving small fish better access to 
shallow coves and little cut-off pools, and this in turn has effected 
a material reduction in the abundance of mosquito larve. Subse- 
quent examinations of the stomachs of young fishes admitted to 
such waters formerly teeming with mosquito larve have shown a 
large proportion of mosquito eggs, larve, or pup in the food. Other 
experiments are in progress. 

This work is being done in connection with the cooperative investi- 
gation between the Bureau of Fisheries and the New York State Col- 
lege of Forestry at Syracuse, having to do with the control of mos- 
quitoes, the elimination of blood-sucking leeches, and the develop- 
ment of the fish-cultural possibilities of the park. The general ob- 
ject is to promote favorable conditions in the park for fishing, bath- 
ing, and other forms of recreation. 


EXPERIMENTAL FISH CULTURE. 


Previous reports have stressed the need for fish-cultural experi- 
ment work; yet this field of endeavor remains in a condition of de- 
velopment that offers relatively small promise until circumstances 
may be changed. ‘This is not for lack of possibilities of service to 
Government, State, and private fish culture, or for deficiency in 
facilities; the opportunity is there, but the special personnel is want- 
ing. Fish-cultural work demands the service of specialists—those 
who can study systematically and continuously the functions and re- 
lations of plants, insects, crustacea, bottom conditions, fertility, form 
and depth of pond, etc., with reference to methods of fish culture and 
the productiveness of fishponds. The most the Bureau has been able 
to do during the year just closed has been to keep the flame of experi- 
mental fish culture burning, with the hope that provision may yet be 
made for its adequate conduct. 

Some further results of importance have been gained in the experi- 
ments conducted at the Fisheries Biological Station, Fairport, lowa, 
with catfish, buffalofish, bass, and sunfishes. Certain experiments are 
under way to determine the value of the use of manure or commercial 
fertilizers for increasing the fertility and productiveness of fishponds. 
Prof. C. B. Wilson at that station also continued his investigations 
of aquatic insects in relation to fish culture in ponds. There are 
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shortly to be published two papers by this author on the life history , — 
and fish-cultural significance of some of the insects most commonly 
present in fishponds. 

A paper consisting largely of compilation and analysis of published 
European and American data concerning the culture of fresh-water 
crustaceans (“shrimp,” etc.) as food for fishes in hatcheries and in 
ponds was completed during the year by Dr. W. C. Kendall and 
submitted for publication. It is believed that the culture of some 
kinds of crustacea as food for fish would be economically feasible 
under certain conditions, depending much upon locality and the 
immediate surroundings. of a particular fish-cultural plant. 

A service of no little importance was rendered when Dr. Emmeline 
Moore, who has conducted several investigations for the Bureau, was 
detailed to visit some of the fish-cultural stations and advise with 
superintendents regarding the best use of plants in fishponds. 
Against what might have been assumed to be obvious handicaps, 
the advice of this investigator quickly established itself in the con- 
fidence and esteem of practical fish-culturists. Her work commanded 
such attention that her services were drafted by a State Government 
which could offer more favorable conditions of employment than this 
Bureau. 

The greatest need in the fish-cultural experiment work of the 
Bureau is continuity and the application of persistence, skill, and 
judgment, and this need can be met only by the making of the special 
provision of personnel which the conditions may be found to warrant. 


STUDIES OF DISEASES OF FISH. 


Closely related to fish-cultural experimental work is the study of 
the diseases of fish and the conditions which occasion mortality or 
diminished vitality of fishes. The parasites of fishes also demand 
attention, not only because of their unfavorable effect upon the 
vitality of the fish but because the presence of parasites, even such 
as are not injurious, renders fish less attractive to the consumer and 
accordingly diminishes the market value of the fish. Diseases of fish 
are of real concern from an economic point of view, not only for the 
resulting direct losses to food supply but for the mortality of eggs, 
fry, or fingerling in hatcheries, which causes serious losses in effi- 
ciency and entails a substantial loss of public funds expended in fish- 
cultural operations. As a matter of fact, fish pathology is a broad 
subject, for the studies of pathological and other unfavorable condi- 
tions throw light upon the various fish-cultural practices and espe- 
cially upon the propriety of use and the value of the several sorts 
of foods employed in artificial feeding. 

The routine work of the fish pathologist, Dr. Franz Schrader, in- 
cluded investigation into reports of fish mortalities in various parts 
of the country, examination of specimens sent to the Bureau for the 
determination of the cause of disease or death, and trips to the sta- 
tions in connection with epidemics among fish or unsatisfactory con- 
ditions among fry. 

An analysis of the so-called white-spot disease in fish eggs has 
been virtually completed. It is apparent that the ordinary occurrence 
of this disease finds its cause in careless handling of the eggs, be it in 
the course of stripping or during transportation, Bacterial agency 
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is not primarily responsible in causing white spot as it is commonly 
seen during hatching operations, and European observers who have 
reported it seem to have had exceptional cases. Mention may be 
made of a still different form of the disease in Alaska, of which only 
superficial investigation has been made. 

Work was started on the study of ovarial conditions in various 
fishes, especially at time of spawning. It is this phase in the various 
activities of fishes which bears directly on the problems of sterility, 
production of “ glassy ” ova, hardening of ovaries when retained in 
pens or crates, and effect of stripping. The nature of the problem 
makes the work on it more or less sporadic. 

The troublesome question of the great mortality in hatching pike- 

erch eggs is under investigation at present. A visit was made to 

wanton, Vt., at the time of spawning, to observe conditions in the 
field. In spite of the fact that the problem is an old one, it seems 
that no definite analysis of the morphological features of affected 
eggs has ever been made. Consequently the few remedial measures 
employed have been of little or no advantage. The essential studies 
are now in progress. 


FISH DISEASE IN ST. LAWRENCE RIVER. 


While mortality of fish in natural waters as a result of disease is 
not usually conspicuous, nevertheless there are occasions when such 
occurrences demand attention. An investigation of an epidemic 
among the fish in the St. Lawrence River at 0 densburg, N. Y., was 
made during the first week in July, by Prof. H. 8. Davis, temporary 
investigator. The superintendent of a New York fish hatchery had 
reported that large numbers of fish were dying in the ponds and 
also in the river. 

The epidemic was at its height during the first two weeks in June 
and then decreased rapidly in severity. At the time of the investiga- 
tion the disease had entirely disappeared from the ponds and only a 
few diseased fish were taken in the river. None of these appeared to 
be seriously affected. 

The fish taken in the river showed two distinct types of lesions on 
the skin. On the bullheads and catfish the infected areas were very 
distinct, about one-half to 1 inch in diameter and bright red in 
color, due to the complete destruction of the epidermis, thus expos- 
ing the inflamed dermis beneath. 

he diseased areas in the skin of bass and suckers had a very dif- 
ferent appearance. They were irregular in shape and so indistinct 
as to attract attention only on close examination. The most marked 
characteristic was a faint reddish border around the scales, due to a 
slight extravasation of blood into the epidermis. 

A microscopic examination of sections of skin from the infected 
areas indicates that the disease in bullheads and catfish is probably 
distinct from that in the bass and suckers. In the former the disease 
is apparently due to bacteria, which are present in enormous numbers 
in the disintegrating epidermis. These bacteria are not present in 
the lesions on bass and suckers, and the cause of this affection is at 
present problematic. A further report may be made. 
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Some time ago a peculiar disease appeared at a commercial trout 
hatchery in Rhode Island among yearling and 2-year-old brook trout. 
The fish turned black, many became blind, and large numbers died. 
Just previous to death an affected fish would dart rapidly about, 
sometimes jumping entirely out of the water. After swimming 
nervously in this way for a few seconds, the fish would usually turn 
partly on its side, remain quiescent for an instant, and then resume 
its former unnaturally sluggish swimming. In most cases the fish 
would repeat this performance several times before finally succumb- 
ing. 

Dr. L. H. Almy, then fish pathologist in this Bureau, was detailed 
to an investigation of the trouble. It was learned that the disease 
had manifested itself a few weeks after the superintendent had 
begun feeding with a mixture of linseed meal, wheat middlings, and 
meat scraps, the linseed meal having been substituted for cottonseed 
meal previously used. When the meat serap, with flour and salt, 
was used without the linseed meal, the disease was definitely checked 
in both adult fish and fry. Experiments planned by the fish pathol- 
ogist were then undertaken at the same hatchery to ascertain which, 
if either, of the two meals had brought on the disease. The results, 
which were but recently completed for publication, proved that lin- 
seed meal was responsible for the pigment change, blindness, and 
death; that linseed oil in the food of trout has a slightly injurious 
effect; and that fish affected with linseed-meal poisoning can be 
brought back to a healthy condition, except for the pigment change 
and blindness, by a diet of some fresh-meat product. 

Further experiments conducted at the White Sulphur Springs 
(W. Va.) hatchery of the Bureau, with the cooperation of Supt. R. K. 
Robinson, gave clear evidence that the pigment change, excitability, 
and weakened eyesight or blindness were due primarily to the 
prussic-acid constituent of linseed meal. The experiments indicated 
also that a food mixture consisting of wheat middlings and meat 
meal, although not injurious and apparently an acceptable food for 
the fish, does not compare with fresh hog lungs as a food for yearling 
trout. 


SERIOUS DISEASE OF BUFFALOFISH. 


A new bacterial disease of fresh-water fishes has been under investi- 
gation during the last two summers by Prof. H. S. Davis, temporary 
investigator. This disease seems to attack nearly all species of fresh- 
water fishes, but is especially destructive to the buffalofishes, crap- 
pies, and bluegills. It is preeminently a warm-weather disease and 
is apparently of little importance during the colder seasons of the 

ear. 
| ‘The disease is caused by an undescribed species of bacterium which 
develops only on the surface of the body and on the gills. On the 
body it destroys the skin, but never penetrates into the underlying 
muscles, while on the gills it destroys all the soft tissues. In either 
case the fish usually succumb within 48 to 72 hours after the appear- 
ance of the disease. 
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The disease does not ordinarily attack healthy or uninjured fish, 
but even a slight injury or the lowering of the vitality in any way 
renders the fish susceptible to infection. Fish are especially liable 
to contract the disease within a day or two after being handled. 

It has been found that the disease can ordinarily be controlled by 
treating the fish after they have been handled with a 1 to 1000 solu- 
tion of copper sulphate for two to three minutes. When properly 
used it has been found possible to reduce the loss from this disease 
from about 50 per cent to 5 per cent or less. 

Studies on protozoan parasites of fishes-have been continued and a 
paper is nearly ready for publication describing the development 
of the cysts and the formation of spores in a species of Myxobolus 
which is abundant on the gills of the buffalofishes. The early devel- 
opment of the SR cysts has not previously been worked 
out. It has been found that the young parasites reach the gills in the 
blood stream and become permanently fixed in the capillaries of the 
gills, where they develop into large, saclike cysts, which may cause 
considerable injury to the gills. The results of studies on several 
other species of myxosporidian parasites, several of them new, are 
also nearly ready for publication. 


BLACK-SPOT DISEASE OF THE BULLHEAD. 


_ A conspicuous and unsightly disease of the common bullhead or 
hornpout (Ameiurus nebulosus) became very evident in a pond near 
Falmouth, Mass., in the summer of 1917. The matter having been 
brought to the attention of the Bureau, and no information regarding 
a disease of this description being available, Prof. Raymond C. 
Osburn was engaged as a temporary investigator for a study of the 
disease. 

The disease takes the form of swollen, rough, tumerous, intensely 
black areas, affecting the skin externally ordinarily, but sometimes 
entering the mouth cavity and the gill chamber. The subcutaneous 
tissues are but little affected, the disease being confined almost. en- 
tirely to the skin, and there is no evidence of spread to other parts of 
the Body. The tumors appear to grow very slowly, but there is 
evidence that they are infectious, for in 1919 the percentage of in- 
fected fish taken in the pond was much greater than in 1917, and 
nearly all the bullheads taken showed the disease. 

Careful study and experimentation proves the disease to be of 
bacterial origin, the causative organism being a very minute coccus, 
or bacterium of that general class, probably undescribed. The dis- 
ease appears to be unknown to science and a widespread inquiry has 
brought out only the information that no one has ever observed it. 
The one exception in the literature is found in Thoreau’s Journal, 
where he twice makes mention of observing such black tumors on 
bullheads in the Concord River and one of its branches. 

With the cooperation of Dr. W. W. Browne, bacteriologist, cul- 
tures of the bacteria were made on agar mixed with the juices of the 
fish to produce a proper medium. Though the bacteria grow very 
slowly, a number of colonies were developed to a diameter of one- 
eighth of an inch or more in from 12 days to 2 weeks. These had 
the same intensely black color as the tumors. The color is produced 
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endogenously, and the color of the tumors is due entirely to the mass 
of black bacteria. In older tumors a slight pressure causes the libera- 
tion of an inky black fluid, formed by the bacteria in suspension, and 
microscopic sections show the presence of the bacteria throughout 
the substance of the tumor. 

Inoculations of unaffected fish from another pond were made in 
three ways: (1) by subcutaneous injection, (2) by abrading the skin 
and rubbing in the fluid taken from a tumor, and (3) by grafting 
portions of the tumor into the skin. Several of these developed and 
showed some growth in the two months that the fish were kept under 
observation. 

It seems probable that natural infection takes place through abra- 
sions of the skin, as the tumors are usually located on the fins and 
lips where such abrasions would more naturally occur accidentally. 
The habits of the bullheads in schooling together render this mode 
of transfer easy. 

As to the fatality of the disease we have no information. Cer- 
tainly it is not rapidly. fatal, for specimens with well developed 
tumors were kept alive in aquaria in the laboratory for six weeks 
without showing any appreciable change other than some slight 
growth in area and thickness of the tumor. It would thus appear 
that no active systemic poison or toxin is formed by the bacteria. 
There is, however, a tendency for the tumors to become fungused 
with Saprolegnia, a water mold, which would no doubt cause death 
in time if the tumor did not. While dead catfish have not been ob- 
served about the pond, the shores are such that they would not readily 
be noticed. No other species of fish in the pond showed any indi- 
cation of the tumors, and the probability is that the disease is specific 
for the bullhead. 


GENERAL STUDY OF PARASITES OF FISHES. 


Systematic studies of the parasites of fishes are important for 
several reasons. While the presence of some parasites is a normal 
condition in fishes as well as in domestic animals, sueh as cattle, 
sheep, and poultry, they may upon occasion become so numerous as 
to cause the weakening or death of the animal infected. When not 
leading to death they may yet so affect the condition or appearance 
of the fish as to render them unacceptable to the housekeeper, which 
means the loss of the fish as a possible article of food. In cases of 
this kind, and they occur not infrequently, one can not approach 
the question of cause or remedy or give proper advice to the public 
unless there is a background of know ledge concerning the normal 
degree of prevalence of different kinds of parasites in the several 
species of fish. It is economically necessary, then, that observations 
of parasites should be made systematically and a large body of evi- 
dence obtained. Dr. Edwin Linton’s studies in recent seasons have 
covered about 40 species of fish in the region of Woods Hole, Mass. 
Attention is being devoted now particularly to the round worms 
(nematodes). The fear has been felt that round w orms, which 
occur on the viscera of certain fish and not normally in the edible 
parts of the fish, might during storage of the dead fish burrow into 
the flesh of the fish and thereby become objectionable. The experi- | 
ments conducted indicate that the worms do not penetrate the flesh 
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or become attached to it in such a way as not to be removable by the 
ordinary process of washing. ’ 

In this connection reference may be made to the studies of the food 
of young fishes conducted by the same investigator and applying 
to 18 species of fish of the Woods Hole region. 


THE OYSTER. 


The eastern oyster supports the most valuable fishery possessed by 
any country and based upon a single species; but, important as the 
oyster industry is in contribution to food supply as well as in its 
part in the economic life of the Nation, its future can be viewed only 
with ‘keen anxiety. For some years the industry has been manifestly 
declining. In past times its chief seats have been on the south shores 
of New England and New York and in the Chesapeake Bay. During 
a long period the yield of the Chesapeake has gradually fallen away 
because of the depletion of natural beds and the misfortunes which 
have attended all attempts to establish a proper legal basis for the de- 
velopment of a great oyster farming industry. In waters of the 
vicinity of Long Island oyster farming has long been established on 
a large scale, but in recent years, and because of conditions which are 
not yet fully understood, there has been a notable failure of the setting 
of seed. The planting industry now depends to a very considerable 
extent upon the importation of seed oysters from distant points; and 
the expense and the uncertainties are such that leases of oyster bot- 
toms are continually being given up, with consequent loss of revenue 
to States, as well as diminution in the production of a valuable article 
of food. The problem of the failure of set has therefore become one 
of great concern to State Governments as well as to the Nation. It 
is, however, one of great complexity and may well receive the best 
attention of all concerned. 

There are oyster industries in Pacific Coast States which are now 
of no little importance and which may have much greater signifi- 
cance in future. It is, therefore, a cause for regret that the limita- 
tions of personnel and appropriations have prevented the Bureau 
from giving to these the attention which they merit. 


OYSTER INVESTIGATIONS IN LONG ISLAND SOUND. 


At the temporary field laboratory at Milford, Conn., Dr. E. P. 
Churchill and J. S. Gutsell, scientific assistants, continued the in- 
vestigations relative to the propagation of oysters. R. V. Truitt, 
temporary assistant in oyster studies, was engaged in that laboratory 
for a part of the summer, but spent the greater part of the season in 
a preliminary reconnoissance of the Chesapeake Bay with reference 
to oyster culture. The conditions prevailing in the vicinity of Mil- 
ford were in contrast to those in Great South Bay, Long Island, 
mentioned on another page. Water samples (usually 50 gallons at a 
time) were collected in various localities from June 16 to September 
10, and, although 215 such samples were examined, only 303 oyster 
larve in all were encountered. Four of the samples yielded 250 of 
these larve, 23 other samples gave small numbers (from 1 to 8), and 
188 were barren. (In Great South Bay, on the other hand, several 
thousand larvee were sometimes found in one sample.) There being 
no larvee, there was, of course, no set. 
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The virtual absence of free-swimming oyster larve from the Mil- 
ford region is believed to be due to the low temperature of the water, 
which may have prevented either the fertilization of the eggs or the 
development of those that were fertilized. The larve found were 
all of the smallest sizes. The bottom temperature, where the water 
was 20 feet or more in depth, registered as high as 70° F. on only one © 
occasion. For the remainder of the time during the usual spawning 
season of oysters, it ranged from 65 to 69.5° F., being usually about 
68. Oysters in this region are found to begin spawning at a tem- 
perature between 68 and 70°. It was observed that oysters in the 
deeper water did not spawn until about the middle of August, the 
process continuing slowly and in patches over the beds during the 
rest of the month. Some of the oysters apparently gave out no 
spawn at all. 

While the shallower water of the coves and harbors warmed up 
earlier than that outside, and the oysters there spawned earlier, the 
incoming tide was so cold this season as materially to affect the inside 
waters, and oyster eggs or larve carried from the shallow waters — 
doubtless perished in the cold water outside. In any event, and cor- 
responding with the absence of free-swimming larve, as noted, no 
set of oysters was found or reported anywhere in Long Island Sound. 

As emphasized in the report covering the season of 1918, the best 
evidence obtainable indicates that in former years the set was pro- 
duced in favorable seasons by natural inshore beds of oysters in warm 
waters where spawning occurred relatively early. All are agreed 
that such beds are largely exhausted. The result of the Bureau’s 
investigations tends to substantiate the view that the securing of set 
in commercial quantities on planted beds, even during favorable 
seasons, is contingent upon the restoration of the natural beds in 
inshore waters. Acting upon suggestions to this effect previously 
offered by the Bureau, the State-of Connecticut has appropriated 
$10,000 for building up the spawning beds, and the results of this 
practical experiment may be awaited with interest. 


WATER POLLUTION AS AFFECTING GROWTH AND BREEDING OF OYSTERS. 


It is the inshore waters which are most directly affected by pollu- 
tion from sewage and industrial wastes, but indirectly the pollution 
may have a still more significant economic effect on offshore beds 
even though none of the polluting substances actually touch these 
beds. It must be remembered that oyster larve are free-swimming and 
may be borne by currents for some distances. The beds in deeper 
waters are not necessarily self-perpetuative, but may well have been 
reseeded in former times by set arising from larvee borne in the waters 
from breeding oysters in shallow waters. Our observations have in- 
dicated, first, that successful propagation of oysters in the Long 
Island region is dependent upon early spawning, which allows time 
for development to an advanced and resistant stage before cool 
weather; second, that this in normal years may occur only in the 
warmer waters; and thirdly, that spawning beds in shallow waters 
have virtually disappeared, partly in consequence of excessive fishery, 
but principally because the excessive pollutions have led to the 
general abandonment of such areas for oyster planting. 


PROGRESS IN BIOLOGICAL INQUIRIES. 21 


Consequently, in approaching the vital problems of the oyster in- 
dustry of this region it is impossible to escape attack upon the ques- 
tion of pollutions. Here bik chemical and biological problems are . 
involved. The analytical chemist ascertains what substances of 
possible toxic nature are discharged into the waters; the biologist 
must determine by experiment the effects of such substances upon 
the existence and growth of oysters and their efficiency in breeding, 
and must find the precise degree of concentration which is injurious; 
finally, the engineering chemist must discover how such substances 
may be either eliminated altogether from effluents or at least kept 
within the bounds of safety as indicated by the biologist. 

Such investigations by analysis and experiment are now being 

rosecuted by the Bureau of Fisheries in cooperation with the 
ureau of Chemistry, and probably something of a more definite and 
satisfactory nature may be embraced in a subsequent report. 


EFFECTS OF LOWERED OXYGEN SUPPLY UPON OYSTERS. 


While the investigation of the subject of pollution as affecting 
oysters is one of some complexity, it is known that one of the most 
immediate effects of pollution, generally speaking, is the reduction 
of the oxygen content in water. During the summer of 1919 an 
investigation was conducted by Dr. P. H. Mitchell, director of the 
Fisheries Biological Station at Woods Hole, Mass., to determine the 
effects of lowered oxygen content on the survival of oysters, the work 
being done in both field and laboratory. 

Observations in the field were based upon a series of small plants 
of oysters in Seekonk River, a tidal estuary at Providence, R. L., 
and in Providence River, below the mouth of Seekonk River. De- 
terminations of the dissolved oxygen in the water at the locations 
selected were made at various times and under various tidal and 
weather conditions. The results indicated a substantial mortality of 
oysters where the average dissolved oxygen content was 26 per cent 
of saturation or less and nearly all oysters died within a period of 
50 days where the percentage of saturation was less than 12. 

Observations in the laboratory were conducted by keeping oysters 
in small containers furnished with sea water of varying oxygen 
content and subject to as definite control as possible. The results 
indicated that the minimum oxygen content of water that will sus- 
tain oysters during a period of one month is between 25 and 33 
per cent of saturation. Further experiments are planned to deter- 
mine the effect of lowered oxygen supply upon the propagation of 
the surviving oysters. 

Another series of experiments has substantiated the earlier find- 
ings of copper storage as the explanation of the appearance of a 
bluish-green color, and recent results point to a possible significant 
relation between the development of the undesirable blue-green spots 
and the deprivation of oxygen. 


OYSTER INVESTIGATIONS IN GREAT SOUTH BAY. 
Dr. Churchill and Mr. Gutsell completed a report upon the spawn- 


ing of oysters and setting of oyster larve in Great South Bay, Long 
Island. The conditions in this shallow bay offer a contrast to those 
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of the deeper water of Long Island Sound, where low temperatures 
had prevailed and a failure of set occurred. 
_ In Great South Bay the spawning season extended from about 

June 5 to July 17, the heaviest spawning occurring July 2 to 6, and 
the greatest abundance of larve being found from July 7 to 11. 
Spawning began about the time the water temperature reached 70° 
I"., and proceeded briskly while it ranged from 70 to 76°, but slowed 
down or ceased when the temperature fell to 70 and 68°. When the 
water temperature rose to 75° and above, about July 2 to 6, the bulk 
of the spawn was thrown out within the course of two or three days. 
The approximate length of the free-swimming period was 12 to 14 
days. Considerable mortality of the free-swimming larvee followed 
a sudden lowering of water temperature or the severe agitation of 
the water by storms. 

The investigation served to throw considerable hight on the proper 
time of planting cultch and the best location of plants for catching 
a set. 

OYSTER INVESTIGATIONS IN LITTLE EGG HARBOR, N. J. 


Dr. T. C. Nelson, assistant biologist of the New Jersey Agricultural 
Experiment Station, completed during 1919 a six months’ study of 
the food and feeding of oysters. While this work, carried on at 
Edge Cove, Tuckerton, N. J., was primarily State work, yet, since 
its beginning and continuity were made possible by the cooperation 
of this Bureau, a summarized account of the results attained is not 
out of place in this connection. 

Studies of the food of oysters were conducted from a floating lab- 
oratory anchored directly over the oysters, making it possible to keep 
a continuous record of the temperature, ‘density, and rate of flow of 
water, parallel with examination of the food content of oysters. 

The results of the microscopic analyses indicate that minute ani- 
mals may play an important part in the oyster’s nutrition. Copepods, 
nauplius larve, ostracods, gastropod and bivalve veligers, round 
worms, rotifers, and protozoa were found in great numbers. As a 
typical case, the contents of the stomach of one oyster showed over 
4,000 nauplius larve and 60 large copepods, besides many protozoans. 
That these crustaceans are digested was shown by the large number 
of skeletal parts found in the stomach and intestine. 

To study the rate of growth, 1,000 oysters were tagged, weighed, 
measured, and put out on a fixed platform 1 foot above the bottom. 
In 130 days these oysters grew in some instances as much as 3 centi- 
meters (1.2 inches), while the increase in weight for oysters 1 and 2 
years old was from 40 to 60 per cent. The duration of feeding in the 
oyster was determined by levers led from the shell of an oyster lying 
on the bottom to an electrical recording instrument (chimograph) 
above. ‘The oyster, under natural conditions, continued to feed from 
19 to 20 hours out of every 24. 

One result of the investigation of the oyster’s food has been the 
demonstration of the large part played by organisms growing on the 
oyster’s shell. On the shell of one oyster 5 inches long were found 
diatoms in number computed to be over 56,000,000. Oysters covered 
with external growths may be partly independent of the actual food 
content of the water flowing over them. 
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OYSTERS IN VIRGINIA WATERS ENDANGERED BY FUEL, OIL. 


In the early part of 1919 the escapement of fuel oil upon the 
waters of Hampton Roads so affected the condition and flavor of 
planted oysters as to make them unmarketable for a time and to 
cause substantial financial losses. In the latter part of 1919, in 
response to reports that fuel oil, presumably discharged from oil 
tankers, was again threatening the oyster beds in Hampton Roads, 
the Bureau detailed an assistant to cooperate with the Navy Depart- 
ment in an investigation of the matter. After consultation with the 
captain of the port and several oyster planters, and after inspection 
of the water of Hampton Roads, it was found that at that time oil 
was not being discharged into the waters in sufficient quantities to 
menace the oysters. Strict orders forbidding the practice had been 
issued some time previous by the captain of the port, and these were 
apparently being enforced in such a way as to obviate injury to the 
oysters. 

"There have, however, been several subsequent complaints, and, 
after repeated attempts to render assistance through investigation, 
the Bureau found it advisable to refer the matter to the Department 
of Justice, which has taken appropriate action for the institution of 
legal proceedings upon complaints properly filed with the local 
United States attorney. It is understood that some convictions have 
been secured. 


OYSTER INVESTIGATION IN THE YORK RIVER. 


The investigation of the poor condition of oysters prevailing in a 
section of the York River, Va., since 1914, was brought to a conclusion 
during the year. The oysters have been consistently poor and watery 
and very generally affected with blue-green spots. Examination of 
the food content of the water revealed a condition of relative sterility. 
A special endeavor was made to determine the validity of the local 
belief that the trouble originated from toxic chemicals discharged 
from an industrial plant located on the banks of the river. With the 
cooperation of the Bureau of Chemistry, observations were made at 
intervals over a period of nearly a year, yet nothing was found in the 
effluents from the mill which could materially affect the oyster beds 
in any direct way. The trouble appears to rest upon the deficiency 
of food supply, but neither the biological nor the chemical studies 
served to fix a specific cause for the lack of food. The condition is 
presumed to result from natural causes which are at present obscure 
and therefore beyond control. 


REPORT ON THE OYSTER INDUSTRY. 


In the course of the year there was completed and sent to press a 
report comprising for public information a full account of the present 
condition and practices of the eastern oyster industry, both as it is 
based upon the exploitation of public oyster beds and as it manifests 
itself in the various phases of commercial oyster culture. The report 
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is published in response to the frequent demands upon the Bureau 
for information of the character furnished by it. 


FRESH-WATER MUSSELS. 


The Bureau continued the propagation of fresh-water mussels and 
investigation of problems affecting the mussel industries. The num- 
ber of glochidia infected upon fish and liberated in the public waters 
was substantially greater than in the preceding year, and the unit 
cost per thousand correspondingly lower. The results of artificial 
propagation are detailed in another report.* 


EXPERIMENTAL WORK. 


Notable results were obtained in the experiments conducted at the 
Fairport station in rearing young mussels. The methods of arti- 
ficial propagation, as regularly practiced, consist in liberating the 
fish immediately after infection, so that cultural operations are not 
involved. In the effort to improve upon the established practices, 
experiments have been conducted during several seasons in retaining 
infected fish during a period of two or three weeks, until the juvenile 
mussels are liberated, and then holding the young mussels, which at 
first are of microscopic dimensions, until they have attained a size 
(say one-half an inch in length) permitting of their being handled 
with convenience and planted deliberately upon bottoms which are 
known to be suitable. Simple as the task is in the stating, peculiar 
difficulties are encountered, and its accomplishment had baffled all 
previous attempts in this country and elsewhere. Before the past 
year a measurable degree of success had been attained at Fairport 
with one species of mussel (the Lake Pepin mucket). During the 
summer of 1919, the experiments conducted by Dr. F. H. Reuling led 
to the rearing of two additional species (yellow sand-shell and river 
mucket) in considerable quantities in small troughs supplied with 
naturally clarified river water. 

Experiments having a somewhat similar object were conducted in 
Lake Pepin by Roy S. Corwin, scientific assistant. Here young mus- 
sels originating from artificial infections were reared in considerable 
quantities within inclosures on the bottom of the lake in relatively 
shallow water. Other experiments conducted at this place gave indi- 
cation that glochidia carried over in the marsupia from the preceding 
year endured a shorter period of parasitism than those taken from 
the marsupia in the same season in which the eggs were deposited. 

Dr. L. B. Arey, of Northwestern University Medical School, investi- 
gated the relations of glochidia to host as regards attachment and 
encystment, and the results of his investigations have been submitted 
for publication in another place. 


PROTECTION OF MUSSELS. 
In January, 1920, at La Crosse, Wis., the Bureau participated 


with officers of the Wisconsin Conservation Commission and the 
Minnesota Fish and Game Commission and other interested persons 
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in a conference relative to the protection of fresh-water mussels. 
Acting upon the authority provided by recent concurrent legisla- 
tion, it was determined to close against commercial shelling for a 
eriod of five years certain sections of the Mississippi River Thondat. 
ing the two States represented in the conference. The purpose is to 
allow opportunity for natural recuperation of the beds and to create 
favorable conditions for the artificial propagation of mussels. 

After several years of earnest effort by various persons and agencies, 
in which the Bureau of Fisheries has played a leading part, concurrent 
legislation for the protection of fresh-water mussels has been enacted 
in the four States which control the principal mussel-producing por- 
tions of the Mississippi River. It is hoped that the practical steps 
now being taken to give effect to that legislation will result in a 
marked recuperation of mussel beds which have been exhausted or 
seriously depleted. 


PUBLICATION OF REPORTS. 


In the course of the fiscal year there has appeared a document of the 
Bureau describing in detail the commercial fresh-water mussels, the 
implements and practices of the mussel fishery, and the machinery 
and methods of manufacture of buttons from the shells.« | There has 
also been completed and submitted for publication a general account 
of the natural history and propagation of the mussels.” These papers 
are issued in response to a regular demand for the varied informa- 
tion contained in them, and with a view to disseminating such knowl- 
edge of the resources and industries and the conditions of their per- 
petuation as will stimulate the adoption of measures and practices 
whereby unnecessary waste may be avoided and the future, as well as 
the present, may be served. 


OCEANOGRAPHIC AND LIMNOLOGICAL STUDIES. 
WORK OF THE ALBATROSS. 


The oceanographic and fishery work of the steamer Albatross had 
been entirely abandoned for the period of the war, and the vessel 
was engaged exclusively in the service of the Navy Department. 
Some changes in the vessel had naturally been made to adapt her 
to military service, but, before the return of the vessel, that depart- 
ment restored such features of plan and equipment as were desired 
by the Bureau. At the same time the Bureau, at its own expense, 
developed the fixed equipment of the vessel, so that she is now better 
fitted than ever before for fishing trials. The new equipment con- 
sists principally of a more powerful steam winch and other necessary 
fixtures for operating fishing trawls. There have also been pur- 
chased and placed upon the boat a series of otter trawls and other 
fishing gear. 
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The greatest obstacle to the oceanographic work of the vessel has 
been the impossibility up to the present time of maintaining an 
adequate supply of dependable reversing thermometers for taking 
temperatures at varying depths. No American manufacturer is yet 
in position to furnish thermometers that meet the precise require- 
ments for deep-sea work, and it is only after considerable delay that 
a limited number of satisfactory instruments have been obtained in 
London and Copenhagen. 

The operations of the Albatross during the fiscal year covered two 
principal cruises. The first, beginning off Cape Henry at the close of 
October, 1919, extended as far as the Yucatan Channel in the south. 
The investigations aboard the vessel were directed by Mr. W. W. 
Welsh, scientific assistant. Biological and physical oceanographic 
stations were occupied on four sections across the Gulf Stream between 
Cape Henry and Key West; across Florida Strait, between Key West 
and Habana; from Habana to Cape San Antonio, at the western end 
of Cuba; across the Yucatan Channel to Cape Catoche; and from Cape 
Catoche to Dry Tortugas. Considering that the ship had been but 
recently placed in commission in the Fisheries Service, after having 
done duty in the Navy for two years, that much of her gear was new, 
and that practically her entire personnel was inexperienced in work 
of this character, her performance was regarded as satisfactory. 
The work is intended as a contribution to a scientific basis for fishery 
investigations by the ship during the next two years. 

On February 18, after having undergone repairs at Baltimore, the 
Albatross sailed from Norfolk for Boston, to make headquarters for 
fishery and oceanographic investigations in the Gulf of Maine. On 
the trip to Boston she made three hauls with a 60-foot otter trawl 
in the vicinity of the 100-fathom curve, with the purpose of deter- 
mining the occurrence of tilefish and other ground fish off the middle 
Atlantic coast. The results were negative. She also occupied a series 
of hydrographic stations on a line across Georges Bank. The vessel 
was engaged in the investigation of the Gulf of Maine until the latter 
part of April, after which she prosecuted a search for spawning had- 
dock in Massachusetts Bay and returned to Baltimore to lay up for 
necessary repairs. This work was in continuation of investigations 
begun in the same waters by the Grampus in 1912, and is under the 
direction of Dr. H. B. Bigelow, of the Museum of Comparative 
Zoology, Cambridge. 

The hydrographic and dredging records obtained on those cruises 
with all previous unpublished records of the vessel have been pre- 
pared for printing and will appear at an early time. The recent 
work of the Albatross in the Atlantic Ocean and Gulf of Mexico has 
been guided by the deputy commissioner, Dr. H. F. Moore, who will 
be able to coordinate many of the activities of this vessel with the 
observational work done under the International Ice Patrol Board, 
of which he is a member. Prior to the fall of 1919 the Albatross 
had not worked in the Atlantic since 1887. 


SURVEY IN CHESAPEAKE BAY. 


The biological and physical examination of the Chesapeake Bay, 
begun some years ago and interrupted by the conditions of war, has 
been resumed under the immediate supervision of Dr. R. P. Cowles 
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as temporary investigator. The chief purpose is to determine the 
normal biological and physical conditions throughout the year. This 
done, there would then be normal data at hand from which to deter- 
mine the abnormal conditions which bring about such serious mor- 
talities of fish or oysters as have occurred in previous years. The 
survey should reveal all that is possible regarding the movements 
of layers of water of different densities, different temperatures, and 
different fish-food values, and should indirectly throw light upon the 
migrations of fish and crabs into or about the Bay. Special attention 
will be given to the “deep holes” and to the alleged barren bottoms 
at the mouths of rivers, and, through the collection of bottom de- 
posits and the collaboration of the United States Geological Survey, 
information of value to geologists will be secured. In general the 
purpose is to gather as much as possible of the data which are essen- 
tial for the conservation and development of the fisheries of this 
important. body of water. 


BIOLOGICAL AND PHYSICAL STUDIES OF INLAND LAKES. 


The Bureau has continued to cooperate with the Wisconsin Bio- 
logical and Natural History Survey in the studies of the fundamental 
conditions of inland lakes. The principal burden of these investi- 
gations is borne by the State, but it is not out of place to present here 
a brief statement of the status of the work, based upon a progress 
report submitted by President E. A. Birge and Mr. Chancey Juday. 
Bulletins on the plankton alge, on gravimetric and chemical analy- 
ses of the plankton of the lakes in the vicinity of Madison, and on the 
bottom fauna in deeper water of Lake Mendota are now substantially 
or entirely completed. These reports comprise descriptions of many 
of the plankton elements and other units of fish-food supply, data 
regarding chemical composition (the basis of food value), and meas- 
ures and computations of the quantities of the crops of organisms 
which maintain the productiveness of lakes in fish. Studies of the 
bacteria of Lake Mendota are in progress. 


MISCELLANEOUS STUDIES. 
REDDENING OF SALT FISH. 


The salt-fish industry of the United States suffers a large annual 
loss as a result of the salt fish developing a red coloration when stored 
under moist conditions. Investigations conducted for the Bureau by 
Dr. W. W. Browne indicate that the development of the red colora- 
tion is due to the growth of two microorganisms, whose probable 
origin is the sea salt in which the fish are cured. This coloration 
may vary from a pale pink to a deep crimson. The pale pink colora- 
tion is produced as a result of the growth of a spirochete and the 
deep red by a bacillus form; these two organisms may, however, 
grow in such close harmony that the pigmentation may vary from 
a pale pink to red. It was formerly thought that the varied pig- 
mentation was due to varied dilutions of the red pigment. The sepa- 
ration of the two organisms is very difficult owing to this close union. 

The optimum concentration of salt for the growth of these micro- 
organisms seems to be saturation. They grow well on heavily salted 
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fish, brine, salt piles, and fish agar saturated with salt. No growth 
appears on media containing less than 15 per cent salt, by weight. 
Due to their sensitiveness to changes in density, staining of these bac- 
teria for microscopical examination is very difficult. The morphol- 
ogy or shape of the organisms depends upon the concentration of salt 
in the medium, varying from the largest form (14-16 micra), found 
in heavily saturated media, to the spherical form (2 micra diameter) 
in media of 16 per cent concentration. Likewise all intermediate 
forms are present in the concentrations between 15 per cent and sat- 
uration. The amount, character, and pigmentation of the colonial 
does not seem to be affected by the varying changes in the concen- 
tration of salt. 

The most favorable temperature for the growth of both the spiro- 
chete and the bacillus is between 50 and 60° C., indicating the salt 
lagoons of the Tropics as the probable source of the infection. Sun- 
light is not “pica to these organisms, and this also points to 
their tropical origin, where the pigmentation is required as a pro- 
tection against the bright sunlight; ordinary bacteria are killed by 
10 minutes’ exposure to bright sunlight. Influenced by age, by the 
accumulation of their own metabolic products, and particularly by 
low temperatures, both organisms suffer a temporary loss of pigmen- 
tation. During this loss the formation of the so-called “ coccoid 
bodies” is noted in the pink spirochete. No change in the shape of 
the bacillus during the absence of pigment has been noted. After 
transplantation, both pigmentation and the regular vegetative form 
is resumed. ; 

All results indicate that the causative agents of this troublesome 
and costly coloration have been discovered and that their original 
source is the solar evaporated sea salt in which the fish are cured. 
Both European and American sea salts are infected. Mined or do- 
mestic salt seems to be free of their presence. Any method devised 
for the elimination of this reddening of salted fish must be based 
upon either the proper disinfection of the sea salt before use or the 
substitution of mined or domestic salt which is free of infection. In 
either case a thorough disinfection of the salt fish plants and equip- 
ment is essential, since at the present time all are highly infected. 
It would be useless to dump sterilized salt or even mined salt into a 
highly infected plant or to bring unsterilized salt into a thoroughly 
disinfected plant. 

With this knowledge of the life history of the organisms, the con- 
ditions essential for their growth, and the sources of infection, the 
Bureau already has under way experiments to determine the best 
and most practical means of eradicating a most troublesome factor 
from the salt-fish industry. During the entire series of experiments 
the Bureau has had the hearty cooperation of the salt-fish industries. 


LOCATION OF FISH FROM AIRCRAFT. 


In July, 1919, in cooperation with the Naval Aviation Service, 
W. W. Welsh, a scientific assistant in this Bureau with naval experi- 
ence, made a flight at Cape May, N. J., to determine the possibilities 
of scouting for schooling fish with the aid of aircraft. The results 
of this trial were very favorable, but, since the development of the 
method and its application to the fisheries les properly within the 
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sphere of activity of another office of the Bureau, the further history 
of the matter does not pertain to this report. 


JELLY FROM SEAWEEDS. 


During last summer Prof. Irving A. Field conducted for the 
Bureau, in connection with the Woods Hole laboratory, investiga- 
tions concerning the feasibility of deriving from marine alge a 
gelatin suitable for use in the preservation of fish. The experiments 
of commercial packers have previously indicated that animal gelatins 
liquefied at such low temperatures that they could not be employed 
for this purpose. The jelly is not ordinarily used as a preservative 
in a strict sense, but as a medium in which the preserved fish are 
held and prevented from breaking to pieces in shipment. 

Of all the alge of the New England coast employed in the investi- 
gation only the Irish moss (Chondrus crispus) yielded gelatin—or, 
pre correctly, gelose—in commercial quantities. It was found that 

rish moss contained 79 per cent water and that the desiccated mate- 
riai was approximately 65 per cent gelose. The gelatinous extract 
from Irish moss is commonly known as “ caragenin,” but Dr. Field’s 
experiments indicate that it is closely comparable to agar-agar. 
Agar-agar is made in Japan from another seaweed, Gelidium cor- 
neum, which is found to some extent on our Pacific coast and, in 
limited quantities, on the Atlantic coast. 

The investigation developed provisional methods of preparation 
of caragenin, and a series of tests showed that 14 grams of the dried 
extract added to a 14-ounce can of fish was sufficient to form a firm 
jelly that prevented such soft fish as whiting and herring from break- 
ing to pieces when subjected to the rough treatment of being trans- 
ported 400 miles in the back of an automobile. The jelly in no way 
impaired the condition or the flavor of the fish. The preparation 
of the jelly in a form satisfactory for commercial uses remains to be 
investigated to a further stage. Other problems arising from the 
investigation relate to the decolorizing and purification of the jelly 
to adapt it for other possible uses. Experiments will also be made 
with other seaweeds from both coasts of the United States. 


UTILIZATION OF FRESH-WATER TURTLES. 


A relatively unutilized food resource is found in the several species 
of turtles of our fresh-water streams and lakes, notwithstanding that 
their near relative, the diamond-back terrapin of the sea coast (not 
to mention the highly prized green turtle of the ocean) is the greatest 
delicacy of the fish markets. In the endeavor to direct proper atten- 
tion to this source of meat supply and to furnish the information 
requested by many correspondents, assistants were designated to in- 
vestigate market and fishery conditions, particularly in the Missis- 
sippi Basin. The report by H. Walton Clark, scientific assistant. 
and J. B. Southall, shell expert, comprises information regarding the 
distribution and habits of the most useful species, an account of the 
seasons and methods of capture and marketing, and data concerning 
the preparation of the meats for use as food.t The report will 


_ #Clark, H. Walton, and John B. Southall. Fresh-Water Turtles: A Source of Meat 
eopply. jon VII, Report, U. 8S. Commissioner of Fisheries, 1919, 20 pp. Wash- 
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undoubtedly serve a useful purpose in promoting the utilization of 
an available source of food and thereby will contribute to the pre- 
vention of waste of the Nation’s food supply. 


UTILIZATION OF FROGS. , 

The daily correspondence of the Bureau has indicated for a long 
time the widespread interest in frogs, their utilization and prop- 
agation, and their elimination from localities where they are not 
desired. Nevertheless the Bureau has not yet felt justified in divert- 
ing to experiments in frog culture facilities which are required for 
other useful purposes, especially in view of the extensive natural 
resources in frogs which are not now fully availed of. It has been 
deemed distinctly worth while, however, to acquire as full knowledge 
as possible of the useful species, their habits, conditions of life, breed- 
ing, life history, food, and enemies, as well as of the methods of 
capture employed. The report by Dr. A. H. Wright, temporary in- 
vestigator, went to press during the year.*. With this handbook the 
frog fisher or the prospective frog-culturist may readily identify the 
frogs in any stage—eggs, larvee, tadpoles, or adults—and may be 
guided in the selection of environments for fishing or propagation. 


THE BIOLOGICAL LABORATORIES. 


‘The Navy Department having withdrawn from the Woods Hole 
(Mass.) station, the laboratory was reopened at the beginning of the 
fiscal year, with Dr. P. H. Mitchell as director. With a limited staff, 
investigations were pursued with reference to oysters (p. 21), gelatin 
from seaweeds (p. 29), the reddening of salt fish (p. 27), and the 
food and the parasites of fishes (pp. 19 and 18), the results of which 
have previously been indicated. Some experiments were also con- 
ducted by Dr. F. E. Chidester to determine some of the factors which 
influence the migrations of fishes and the behavior of fish in presence 
of certain chemicals. A miniature river system was employed, in 
which the fish were given a choice between two tributaries having 
water supply of different nature or current of different rates. It was 
found that the behavior of the fish varied according to season or con- 
dition of the animal, and particularly according to the rate of flow 
of the water; but—given a proper condition of stream flow, the first 
were repelled by some salts and attracted by others. The results will 
be published after further experiments are made. 

The Beaufort (N. C.) laboratory, after occupancy by the Navy, 
since January, 1918, was turned over to the Bureau of Fisheries 
shortly after the beginning of the fiscal year. Since that time many 
necessary repairs and renewals have been made both by the Navy 
Department and by this Bureau. The date of the station’s return pre- 
vented its opening on the usual scale for investigational work during 
the summer and fall. Small salaries have tended to making the 
personnel changeable and have prohibited the beginning of any broad 
investigational project. O. W. Hyman served as acting director 
during the summer and until the director, R. L. Barney, who was still 


¢Wright, A. H. Frogs: Their Natural and Utilization. Appendix VI, Report, 
U. S. Commissioner of Fisheries, 1919, 44 pp. Washington, 1920. 
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absent on detail, could be returned to duty at the station. The di- 
rector and three assistants, each of the latter for short yeriods, have 
devoted themselves to the preparation of a comprehensive report of 
the results of the experimental work on the propagation of the 
diamond-back terrapin. Attention has been given also to a study of 
1 bacterial disease of the winter-fed yearling | terrapin of the experi- 
mental broods. One temporary investigator has been engaged in the 
study of the life histories of crabs of the Beaufort region. 

At the Fairport (Iowa) biological station (A. F. Shira, director) a 
notable event of the year was the construction of the new labor atory 
authorized by the Congress to replace the former building destroyed 
by fire in December, 1917. The building which was nearly ready for 
occupancy at the close of the fiscal year is virtually fireproof, credit- 
able in appearance, and admirably adapted for the purposes to be 
served. It contains laboratory space for all needs that are expected 
to develop in the near future. In all, $95,000 has been appropriated 
for construction and equipment, and, as the building cost about 
$83,000, there remained approximately $12,000 available for furniture 
and equipment, including the purchase of the necessary scientific 
apparatus and books. Before the close of the year sufficient equip- 
ment had been ordered to make it possible to occupy and use the build- 
ing as soon as it could be accepted from the contractors. 

The experimental work of the Fairport station in relation to 
fish culture (p. 13) and mussels (p. 24), the service in promoting 
the protection of mussels (p. 24), and the investigation of the utili- 
zation of turtles (p. 29) have been referred to. Field investigations 
were conducted in western Montana, where scattering mussels were 
found in the Musselshell River, though not in quantities permitting of 
commercial exploitation. Experiments were made in transplanting 
mussels to eastern waters. Progress was made in reporting upon the 
biological survey of Andalusia Chute, and an examination of portions 
of Lake Keokuk was undertaken. Studies, which were conducted at 
the station and not hitherto mentioned in this report, relate to the 
food of mussels (by H. W. Clark) and the acanthocephalid parasites 
of fishes (by Dr. H. J. Van Cleave). 

At Key West, Fla. (S. F. Hildebrand, director), attention was 
devoted to construction and equipment of the biological station pro- 
vided for that place. Owing to the lack of funds and the high cost 
and scarcity of material and labor only one permanent structure, a 
concrete water tower containing three tanks, was built. A small 
electric-hght plant and two pumping units, one for salt and one for 
fresh water, were installed. Nets, glassware, and microscopes were 
added to the station’s equipment for conducting investigations. The 
grounds were graded in part and improved by “planting, and a metal 
flac staff was erected at a central and prominent point on the reser- 
vation. 

The station was visited by a severe hurricane on September 9 and 
10 which worked some damage to buildings and grounds and occa- 
sioned some expense in repairs to buildings and in regrading of 
grounds. It was not noticed that the storm “had any effect upon the 
local fisheries, except that so many of the boats in the vicinity were 
wrecked that few fishermen were able to continue their occupation 
for some time; those that were able to go out obtained the usual 
catches. 
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Many collecting trips were made and observations gathered re- 
garding the life histories and habits of fishes. An attempt was 
made to build up a representative series of the local fish fauna for 
future reference. Several species were obtained which had not 
hitherto been recorded from the vicinity of Key West. Observations 
of the markets were regularly made and reported, and it was found 
that, regardless of the handicap occasioned by the hurricane which 
destroyed or damaged many fishing boats, the catch of fish during 
the fiscal year 1920 was greater than during the preceding year, 
the increase applying particularly to kingfish and Spanish mackerel. 

Investigation of the spawning of the mullet, Mugil cephalus, was 
made in the vicinity of the Ten Thousand Islands in December and 
January, but, although both nearly ripe and spent fish were found 
in course of the investigation, definite information of the time, place, 
and manner of spawning was not forthcoming. Observations upon 
the spiny lobster were continued as long as was practicable. 

Examination was made of the quahaug or hard-clam beds in the 
vicinity of the Ten Thousand Islands and many data were obtained 
in regard to the abundance of clams, the manner and methods of 
catching them, and their commercial utilization. The investigation 
revealed the presence of such extensive resources in clams in this 
vicinity that an economic circular was prepared and issued by the 
Bureau to the trade.? 

All positions connected with the Key West station, except that of 
engineer, became vacant in the course of the year, and the scientific 
work was therefore brought to a close in February. Since that time 
the station has remained inactive and in the charge of the engineer 
as caretaker. Regular incumbents for the positions at this station, 
ineluding that of superintendent, have been unobtainable through the 
Civil Service Commission. 


“Clam Resources of the Ten Thousand Islands, Fla. Economic Circular 46, 5 pp. 
Washington, 1920. 
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DREDGING AND HYDROGRAPHIC RECORDS OF THE U. S. 
FISHERIES STEAMER “ALBATROSS,” 1911-1920. 


INTRODUCTION. 


On October 16, 1907, the U.S. Fisheries steamer Albatross left San 
Francisco, Calif., en route to the Philippine Islands on a cruise which 
covered a period of over two and one-half years of scientific investi- 
gation, during which stops were made at Midway, Guam, the Philip- 
poe. Borneo, Pratas Reef, China Sea, Dutch East Indies, and 

ormosa. The ship returned to San Francisco on May 4, 1910. The 
dredging and hydrographic records of this expedition have been pub- 
lished in the Bureau of Fisheries document No. 741, 1910. 

On July 9, 1910, after two months’ overhauling and preparation, 
the Albatross, under the command of Commander Guy Fr. Bakane 
U.S. N., left San Francisco, Calif., for Alaska on a cruise of inspec- 
tion, carrying on board the Secretary of Commerce and Labor and 
the Attorney General. The trip ended on September 20, 1910, when 
the ship reached San Francisco Bay. 

No active work was engaged in until February 23, 1911, when a 
biological investigation was made along the coast of southern and 
Lower California, the Gulf of California, and the Guadaloupe Islands 
under the direction of Dr. C. H. Townsend, acting director of the Amer- 
ican Museum of Natural History of New York City. An important 
result of this investigation was the rediscovery of the northern ele- 
phant seal, Macrorhinus angustirostris Gill, which was supposed to be 
extinct, and the capture alive of six yearlings, some of which lived for 
a considerable time at the New York Aquarium. The vessel returned 
to San Francisco on April 29, 1911, after making a series of dredge 
hauls along the California coast. 

With but two weeks of preparation the Albatross was sent to Alaska 
to investigate the halibut and cod banks lying along the coast. A. B. 
Alexander, assistant in charge of the division of statistics and methods, 
directed the work, and Capt. J. B. Joyce had charge of the fishing 
operations. The cruise was completed about the middle of Septem- 
ber, at which time the ship reached San Francisco. 

Owing to the fact that the Albatross was found to be in an unsea- 
worthy condition, no work was attempted outside of San Francisco 
Bay until April12,1914; but meanwhile, from January 30, 1912, to April 
22, 1913, a biological survey of San Francisco Bay was carried out. A 
preliminary report on the p ee conditions of the bay was published 
in 1914.4 The direction of the work was vested in a board composed 
of three members—the commanding officer of the Albatross, the natur- 
alist, and Dr. C. A. Kofoid, representing the University of California. 

After being thoroughly repaired snd overhauled under a special 
appropriation the Albatross left San Francisco on April 12, 1914, to 
investigate the waters off the coast of Washington and Oregon, with 
the object of determining their extent and value as fishing grounds. 
Edward Driscoll was in charge of the fishing operations, which were 


a A Report upon the Physical Conditions in San Francisco Bay, based upon the Operations of the U.S. 
Fisheries Steamer Albatross during the Years 1912 and 1913; by Francis B. Sumner, George D. Louderback, 
Waldo L. Schmitt, and Edward C. Johnston. University of California Publications in Zoology, vol. 14, 
No. 1, pp. 1-198, pls. 1-13, 20 text figs. Berkeley, 1914. 
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conducted by practical fishermen employed for the purpose. On June 
12 the Albatross was sent to Alaska on a tour of inspection by Dr. 
E. Lester Jones, deputy commissioner, U. S. Bureau of Fisheries. 
The halibut investigation in the meantime was continued from the 
coast cities of Washington and Oregon by the naturalist, assistant, 
fishery expert, and the temporarily employed fishermen. The ship re- 
turned from Alaska on August 27, and from that time until the middle 
of September the investigations off the coast of Washington and Oregon 
were continued, after which the Albatross went to San Francisco. 

On July 1, 1915, the Albatross left San Francisco Bay for Seattle to 
continue the halibut investigations off the coast of Washington and 
Oregon started during the summer of 1914. This work was discon- 
tinued September 9 on account of adverse weather conditions, the ship 
returning to San Francisco Bay. 

From October 11, 1915, to April 4, 1916, the vessel was laid up in 
San Francisco Bay for lack of funds for operation, being thoroughly 
overhauled and repainted by the crew during the enforced delay. 
From April 4 to November, 1916, she was engaged in an investigation 
of the tuna fisheries off the'coasts of southern and Lower California. 
On May 2, 1917, she underwent repairs at Mare Island Navy Yard, 
and on their completion in November she was transferred to the Navy 
for the period of the war. She continued in naval service, principally 
in the Gulf of Mexico and the Caribbean Sea, until June 23, 1919, when 
she was returned to the Bureau. 

After being refitted at Baltimore for fisheries investigations, includ- 
ing the installation of a new double winch, gallows, and other necessary 
appliances for using otter trawls, she proceeded from the capes of the 
Chesapeake on October 30, 1919, for oceanographic research under the 
direction of W. W. Welsh, on the South Atlantic coast and in the Gulf 
of Mexico, returning to Baltimore about the middle of December. On 
February 16, 1920, she sailed for Boston to take up investigations in 
the Gulf of Maine under the direction of Dr. H. B. Bigelow. In addi- 
tion to the work in that region the vessel occupied several stations 
between Cape Henry and Cape Cod en route to Boston, and again on 
her return to Baltimore, where she arrived May 20, 1920. 

F. M. Chamberlain, naturalist on the Albatross, was transferred 
and appointed agent, Alaska salmon fisheries, on August 23, 1911. 
L. M. Tongue, fishery expert, was transferred and appointed store- 
keeper, St. Paul Island, Alaska, in September. He was replaced by 
E. C. Johnston. Dr. F. B. Sumner was appointed naturalist on De- 
cember 16, 1911, and R. A. Coleman, captain’s clerk, in January, 1912. 

Commander Guy H. Burrage, U. S. N., was detached from the 
Albatross on May 25, 1912, leaving Lieut. L. B. Porterfield senior 
officer on board. Lieut. Commander H. B. Soule, U. S. N., took 
command on June 10, 1912, and remained until April 4, 1914. Waldo 
L. Schmitt was appointed naturalist on December 138, 1913, Dr. F. B. 
Sumner having resigned on October 31, and E. P. Rankin was 
appointed assistant. On April 4, 1914, Lieut. L. B. Porterfield, 
Uh S. N., relieved Lieut. Commander H. B. Soule, U. S. N., as 
commanding officer. 

The position of naturalist was made vacant by the resignation of 
Waldo L. Schmitt on December 31, 1914. E. C. Johnston received 
the appointment as naturalist on April 1, 1915, leaving the position 
of fishery expert vacant. F. P. Shafer became fishery expert in 
October, 1915. Lieut. L. B. Porterfield, U. S. N., was detached and 


See 
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Lieut. Commander J. J. Hannigan, U. S. N., made commanding 
officer on July 1, 1915. Mr. Johnston resigned from the position of 
naturalist October 18, 1917, to enter military service and was suc- 
ceeded by E. P. Rankin December 1, 1917. 

On the return of the vessel to the Bureau of Fisheries, June 23, 
1919, Lieut. Commander C. D. Cochran, C. G. S., was in command, 
and he was succeeded on October 24, 1919, by Commander L. J. 
Wallace, U.S.N. Mr. Rankin resigned from the position of naturalist 


July 15, 1920. 
EXPLANATION OF TABLES. 


In Bureau of Fisheries document No. 741 the last Albatross 
dredging station was D. 5672 and the last hydrographic station H. 4937. 
The accompanying list gives the station numbers and the various 
investigations conducted by the Albatross from that point to the 
_ present time. 


Lower California (Gulf of California) cruise.............---------.- {Br ee aeee 
(PERL LA Ads Sitges BEA ab eng Al ele BA ie «Ao hy doen aap ae H. 4954-H. 4955 
Biological survey of San Francisco Bay @ (1912-13)................ {Br ater ee 
Biological survey of San Francisco Bay (March, 1914).............-. H. 5351-H. 5365 
RUDGE SEAT G Gan) sR  : I SE A ad Me et cli H. 5366-H. 5774 
Pe IN VeERMIPAWON,, POLO. 2-2. 4s ee Ae weds a wade ated aces H. 5775-H. 6408 
malaniac ermise south irom Norfolk, 1919.02 oe eo. €20001 to C20040 
malontic cruise Dorth from Norfolk, 1920.) 050.8 PAR Se lo. €20041 to C20130 


Atlantic cruises surface temperatures while under way, 1919-20...................-- 


* Prior to 1919 those stations at which the main object was the col- 
lection of specimens by dredging or trawling were designated as ‘‘D”’ 
stations and those where hydrographic and plankton collection was 
the object as ‘‘H”’ stations. Beginning in 1919 a single series of 
numbers is used and the stations at which collections are made are 
designated by the prefix letter ‘‘C,”’ as ‘‘C20001.” 

The ‘‘Position”’ of a station is that point occupied by the vessel 
at the beginning of a haul or set of observations as determined by 
the navigator and plotted by him on the chart. On the halibut 
cruises of 1914 and 1915 the bearings and distances were worked out 
from the chart after the stations, indicated by small circles, had been 
plotted in by the navigator. In view of the fact that a large per 
cent of the stations on these two trips were within sight of land and 
that runs inshore were frequently made to check up the bearings, 
the percentage of error is very small. All bearings are ‘‘true’”’ unless 
otherwise indicated. The charts used were either U. 8. Hydro- 
graphic Office or U. S. Coast and Geodetic Survey, as indicated. 

Where two figures are given under the heading ‘‘Time of day,” 
“Depth,” and “Temperature,” the first represents the beginning and 
the second the end of the series of observations. Where one figure 
is given, it represents the beginning of the series of observations. In 
the case of the halibut fishing trials the time at which the dories left 
and returned to the ship is given in the ‘‘Remarks”’ column. 

Temperatures are recorded in degrees Fahrenheit. The air and 
surface temperatures, except where indicated by an asterisk, have 
been taken from the ship’s log. Their accuracy is not to be relied 
upon to any great extent owing to the unfortunate placing of the 
thermometer casing near the stack and the fact that the ship’s ther- 


@ Loc. cit. in foot note on p. 3. 
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mometers have not been standardized. The bottom temperatures 
-and those marked by an asterisk represent the corrected readings of 
tested Negretti-Zambra thermometers used in appropriate trip cases. 

On the Lower California cruise, 1911, ‘‘Density’’ was determined 
by salinometer tests. ‘‘Salinity”’ determinations have all been made 
by titration with the standard outfit supplied by the International 
Council for the Exploration of the Sea. 

The ‘‘Depth”’ of the ‘‘Trial’”’ is that at which the gear was used, 
and under ‘‘Drift’’ are given the ‘‘Direction’”’ and ‘‘Distance”’ 
through which the dredge was hauled. These are approximations. 
The ‘‘Duration”’ is the length of time consumed in towing the appa- 
ratus or the length of time allotted to a ‘‘set.” : 

The current velocities given for stations H. 5351—H. 5365, inclusive, 
represent the readings of a Price current meter, which has been tested 
by the U.S. Bureau of Standards. 


ABBREVIATIONS AND SYMBOLS. 


The abbreviations and symbols used in the tables are listed below. 
For convenience the abbreviations used in describing the character 
of the bottom are listed separately. 

GAG vse «pss Se 9-foot Agassiz beam trawl, including one tail weight and two wing 


weights; three glass floats; and a 150-pound sinker above the 
bridle, unless otherwise stated. 


FQ NBS oc cictetays 12-foot Agassiz beam trawl, rigged as above. 

Alb. smp......--. Albatross bottom-sampling apparatus. (Described on pp. 16-18, 
é University of California Publications in Zoology, vol. 14, No. 1, 

pls. 12,13. Berkeley, 1914.) 8 

BORG: ee oe bottom. 

JOON, WEincase aes frame, Welsh-Helgoland; net, strainer top, No. 10 silk bottom. 

CU aaa Sh at eRe collecting station. 

Clagsmetes, SUE Bigelow frame, meter net, No. 000 top, No. 0 bottom. 

80’ cod....-.-----80-foot cod trawl, otter rigged. 

Oaoeeree ete U. 8. Coast and Geodetic Survey. 

Sy Se Rt dredging or trawling station. 

LO ie NS: 19-inch boat dredge. A fine-meshed net bag covered with a canvas 


bag, the mouth of which is held open by an iron frame 19 inches 
long by about 6 inches wide. 


Givin eee a aie dynamite. 

BK. botescone se - Ekman reversing water bottle. 

ke mtr eek? Ekman current meter. 

Bike vamip ste 23 Ekman bottom-sampling apparatus. 

LH b Oa a Se electric (Weule) sounding machine. 

SOA tld ir. Seer 30-foot flounder trawl, otter rigged. 

TO MODS fociat elses 75-foot flounder trawl, otter rigged. 

GBrhot-2 Re Greene-Bigelow water bottle. 

|S Rees see ae hydrographic station. 

Helgo. net... - - .-Square frame of Helgoland; net, strainer top, No. 10 silk bottom; 
used as surface net. 

15 Oy 8 Mele ee at U.8. Hydrographic Office. 

Bivg) din a eee heaving line and lead. 

AP inter. 2252) ee townet made of No. 000 silk, mounted on 48-inch metal ring. 

Inter: sal..-:2<-.- intermediate salinity. 

Inter. temp...... intermediate temperature. 

1 Be opera 2 aah ea left thermometer (looking toward the instrument). 

25-lb. lead .....- 

28-lb. lead... ... 

30-lb. lead... ... cone-shaped sounding lead armed with soft soap. 

32-Ib. lead... 

35-Ib. lead... ... 

Beene RU. SEE ohise light. 

Lue: srs 2/462: Lucas sounding machine, including a 35-pound detachable iron shot, 


unless otherwise stated. 


se ee 


Me ac 
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2) AE ee ee mud bag (‘‘boat dredge”) usually fastened to tail of net or trawl. 

Patr, OG... . << 5- 1 meter diameter, 000-X top, 0-x bottom. 

| pega came: oes Negretti & Zambra reversing thermometer. 

iD. (Gtse-.- </> - regular commercial orange-peel bucket dredge. 

ONS | ee ae oyster dredge. 

Ber NehOus- << <-5 Pettersson-Nansen insulating water bottle. 

2 Price current meter. 

a fy ae Plotting sheet No. 9. 

Pe EO ae Hay = per standard compass, magnetic variation not having been applied. 

2 See see (in tables 1911-1915), right thermometer (looking toward instrument) ; 
(in tables 1919-20), Richter thermometer. 

2 eee sounding. 

Gs nd a 35-foot shrimp trawl, otter rigged. 

Bagel. DOt... ... 4. - Sigsbee water bottle. 

Sigs. rod... ...4.: Sigsbee sounding (bottom-sampling) rod. 

0 Ga 5-foot Tanner beam trawl improved by attaching a broad wooden 
‘**shoe”’ to each runner to prevent the frame from sinking in mud 
too far. 

BOP EP SRLCE annie a= = snapper-jawed sounding lead. 

SSA eae oe specific gravity. 

007 oe submarine light. 

eee eto. 35 surface. 

Th aaa ee Schmidt-Vossberg thermometer. 

STE eo Seo BS ee tangent. 

CL ae ee thermometer. 

314 NS eee ae 3-foot Tanner beam trawl, including float, tail weight, and sinker 
above the bridle. 

PA Fe. 2525. = 5-foot Tanner beam trawl, rigged as above. . 

Lo ie 9-foot Tanner trawl on Agassiz trawl frame. 

Tnr.-Blish sdr....Tanner-Blish sounding machine. 

sisi Chee. 2-3 - Tanner reversing thermometer Case. 

LOVES eee oe Tycos Instrument Co. Fahrenheit thermometer, used in surface work. 

WER. HEt- = <.\..|.: 4 meter diameter, No. 6 silk, used for vertical hauls except where 
otherwise stated. 

ile. 5-4.) 4 Welz. 

ESOS See pee oe 4 meter diameter, No. 6 silk, surface tow net. 

ras See ee 4 meter diameter, No. 10 silk, surface net. 

2) oe plankton net, No. 12 bolting silk, mounted on 14-inch metal ring. 

2. pe Se (in tables 1911-1915), plankton net, No. 20 bolting silk, mounted 


on 14-inch metal ring. (Lohmann, 1911, states that this num- 
ber was changed by the manufacturers in 1907 to ‘‘No. 25 bolt- 
ingsilk.’’) (In tables 1919-20), 12’” diameter, No. 20 silk, surface 
net. 


“* CHARACTER-OF-BOTTOM’’ ABBREVIATIONS. 


Material: | Descriptive adjectives—Continued. 
(Oats peat nae sae Clay. Dre ee ee ee broken. 
Le ee See Coral. COTS Rechte coral 
[Do Se Eel grass. CYS 4h 2 5 ee coarse. 
Ree ote Foraminifera. Ck tA me a aes. dark 
Eis | ene eee Gravel. | INGs sz deb AS SAIS fine. 
iL a eae Globigerina. i 1a pete Ou Pg pay green. 
Ss ee Lava. STAN Seer hee Se granular. 
LISS SiR pee Semper Mud. GINA k ata oh xi memnte Se gray 
‘iA ee, Aged Mica. Ere es Pens 2 hard 
Oza PRS LES A. : Ooze pis lene 4S Mete dee he muddy 
JP a ae Pebbles MEd? <2\ 4 -. 45h Sasso medium 
Se, ae ee Rocks. Pers FL hs ee eS pteropod. 
UE Caen Ear Sand. GE? Bh elt SAM ee Aled red. 

IS ioe ee ae See Shells. TGV S36 te sat See rocky. 
LS Te i eee Shale. Bie ne eeche os eee sandy. 
2 eS eee Specks. Sitwrhcse ee 5. Sos oe soft. 

CS a eee Stones. Boge o 5-155. ee shelly 

Descriptive adjectives: 1 ol eee So sticky 

* Se ac Wiles os ois. - > a.) eee Ee 
[chistes Shemp blue a ee eo yellow 
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DREDGING AND HyprRoGRAPHIC Recorps SECURED 


Station 
num- 
ber. 


D. 5673 


H. 4938 


H. 4939 


H. 4940 


H. 4941 


H. 4942 


H. 4943 


H. 4944 


H. 4945 


H. 4946 


Position. 


Near boundary between Mexico 
and United States. 


3,782-ft. Cone (32° 18’ 30’ N., 
116° 46’ W.), N. 42° E.: 
4,900-ft. Cone (31° 36” 30’ 
N., 116° 14’ 30” W.), N. 82° 
E. (31° 26’ N., 117° 42’ W.). 


Guadaloupe rae east coast, 
northern end. 


Black Rk., near North Pt., 
N. 89° W., 1.5 miles (29° 
10/20" N., ‘118° 15! 45”” W.). 


Black Rk., near North Pt., 
N. 12° E.: Block House, g 
78° W. (29° 08’ 50’ N. , 118° 
17’ 50’ W. 

Elephant Rk., San23PmwWe: 
Cone on N. side of Wok Ist 

71° BE. (29° 09! 30’ N., 118° 
23" W. ). 

Elephant Rk., S. 18° W.; 
Cone on N. side of Id., N. 
75° E. (29° 09’ N. , 118° 23! 
90'' W. ). 

Elephant Rk., S. 1° W.; Cone 
on N. side of Id., N. 65° E. 
ey 08’ 40’’ N. , 118° 24’ 10'’ 


): 

Elephant Rk., S. 40° E.; 
Cone on N. side of Id., N. 
60° E. (29° 08’ N., 118° 24’ 
30’ W.). 

Elephant Rk., N. 46° ap 
Steamer Pt. Rk., S. 11° E 
(29° 06’ 50'’ N. , 118° 25' W. ). 

Elephant Rk., N. alia OPE cs 
at Steamer 1 ho: ish 7° B. 
(29° 06’ 20’’ N. , 118° a4! 30!’ 
W.). 


Midway between point at 
Elephant Rk. and Steamer 
Pt. Elephant Rk., N. 6° 
E.; Rk. at Steamer Pt. Aish 
21° B, (29°04' 50” N., 118° 
24’ W.). 


Mast Sid eo lLdey ewe ves ck hel sens et eiomec| ce Gomees 


oint at 
Steamer 


Midway between 
Peat Rk. an 
t. 


Character of 


Chart. bottom. 


H. 0. 1911. Fms. 
1006 | Mar. 1 1,090 | bl.and gy. M., few 


Glob. 


6.11 a.m. 
to 
10.30 a. m. 


1681 | Mar. 2| 6.55a.m. Ue 


1681 7.55 a. Mm. 


1681 aa ele se = eee ee eee 
1681 


1681 


1681 


1681 10.25 a. m. 


1681 11.00 a. m. 


1681 11.30 a. m. 25 


1681 |} Mar:: (3) might:...5. 3] -tesces-.|---<-5 0c ener 


ee 


DREDGING AND HYDROGRAPHIC RECORDS. 


Durinc THE LoWER CALIFORNIA CrutsE, 1911. 


Temperature. Density. Trial. Drift. 


. Apparatus. 


Surf. | Botm. Dura- 


tion, Direction. 


Depth. 


Botm. 


Lue.sdr.; Sigs.) botm... 
rod; _ Sigs. 
bot.; NZ.; 
Tnr. cse.; 
12’ Ag.;m.b. 


Tnr=Blish sdr'}‘S00\Gms=|2 22sec ae cteee alee 5 te 


64 


64 


66 


66 
63 


ee 


Remarks. 


Mi. 
0.2 | NZ #104914. Cable 


out 2,240 fms. 
Sp. Gd. (surf. ) 
24.2 at 15°C. 
(botm.) 25.0 at 
13.8° C. Botm. 
therm. failed to 
trip. One bridle 
stop parted. 


Guadaloupe’ Id. 
North Pt. ap- 
pears to extend 
about 1 mile 
too far eastward 
from tangent 
bearing of east 
coast and patent 
logrun on north 
side of Id. Ref- 
erence made to 
position of North 
Pt. as given on 
chart 29° 10’ 50’” 
a 118° 17/ 30" 


From this posi- 
tion groups of 
seals on the 
beach bore §. 
15° E.- ands. 
48° E. 

Rock at Steamer 
Bt “and Rt. 
Tang. Inner Id. 
in line. 


Shore Wao col- 
lect various 
land and marine 
fauna and flora. 

Shore party col- 
lected elephant 
seals. 

Worms, eels, and 
fish were taken, 
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Station A 
ae Time of Character of 
nuns Position. Chart. Date. day. Depth. bottom. ‘ 
| 
a ee! - —_————_—_ | 
Guadaloupe Id., east coast, 
northern end—Continued. 
H.O 1911. Fms. 
H. 4947 | Rk. at Steamer Pt., S. 21° E.; 1681 | Mar. 4] 4.08 p.m. 89)|| rd. 5:55). .eeeeee 
“Rt. Tang. Inner id., 8. 23° 
= (29° 30’’ N., 118° D4’ 30!" 
Oe 
H. 4948 | Elephant Rk. and Rk. at 681s | Setdosee 4,12 p.m. 0) 22s dt eee 
Steamer Pt. in line, N. 2° * 950 
W.; Rt. Tang. Inner Tae 
Ss. 92° E. (28° 59’ 30’’ N., 
118° 25’ 0" W.). 
H. 4949 | Elephant Rk. and Steamer 1681 ---d0..... 4,20 p.m, 226" |\ine fye(S ees 


Pt. in line, N. 4° W.; eae 

Tang. Inner Id., S. 21° E 

(29° 01’ 15’ N. , 118° 23’ W. iy 

H. 4950 | Steamer Pt., N. 96° Ws Bat HOST 2 e-C0-cee= 4.43 p.m. IBIS lonace do 
Tang. Inner Id., S. 21° B 

(0° ou 15" N., 118° 22’ 50!” 


Between San Diego, Calif., 
and San Benito Id., Merico. 


H. 4951 | 3,782-ft. Cone, N. 22° E.; 1149 | Mar. 8] 6.04a.m. 540 | gn. M., fne. S., 
D.5674 | Bluff Peak (1,450 ft.), N. 78° to Glob. 
E. (31° 28’ 45’’N., 117° 09’ 8.37 a. m, 
50’’ ai 
CARES Wi. San Benito Id. -S: side |2-.-=:-.2./222|' Mar: . 9) |a.an~-222 13.|(8.; (Gs Ree 
(anch.). 
Be een SES iP tawer can Benitoardeiliscecsaececees see OssecnINpeine sees 13: ||s.o-tsogeeeee eee 
S. 62° W.; NE. Pt., N. 34° 
W. 
Cerros Id. 
eee South Bay ((anch:); Promi- |S... -2---4---| Mar. 10)))) allidayicas|s-o.- seen eee eee eee eee 


neue Black Rk., N. 58° W.; 
ae, mile E. of latter, N. 
ee 


see rause SSpartot HE. side(anch))sBaih-.--2-cs-cn4| Mary 110). dosecs-ne| seacecees| Gee eee 
Tang. Cerros Id., N. 26° E.; 
Morrow Redondo Pt., 8S. 


SS Wi 
ae anee Middlejot/E.iside (anch®) Hs, || Ss..ece.2-eee|) Mary 12) Psdorcen. nel ace nme ee sesh weg Cues 
oO ett Peak, Lat. 28° 


Lower California. 
Sk dee Port|San'Bartolome\(anch:): |s-.--2--5--.-| Mar: 13))) all day----|222-eeeee| Mcp i. Gree 
Coffin Rk. 8S. Tang., S. 65° 
We Entrance Rk., N. 68° 
S212. 4a S| | ae GOB po fondle econ eedad eee eo Mian, 4 oo see ne ols eee ee 
San Cristobal Bay. 
Seat San Cristobal Bay (anch.); Jan's sa eee neces LAT ilon Mss ee Tiloces 223 5a eeeSeree 


Morro Hermoso Pt., N. 59° 
W.; Sen Pablo Bluff, S. 


10° E 
D.5675 | San Pablo IRAN Bip 1983 1310) 25-00. - 2. 2.08 p.m. 284 | gn. M., fne. S.... 
Asuncion Pt, Ne872 EE, to 
= 07’ 08” N., 114° 33’ 10” 3.28 p.m. 
i 


Lower California. 


eS b San) Roque ld. (anch:): Ni.) |2-<-2-2csscee| Mar. Lo" alliday eos -e sec | eevee ee seeameeeteee 
end of Id., S. 68° E.; W. 
end ofId., 8. 10° W. 

mee ee Abreojos (anch,): Abreojos |.............] Mar. 16 |...do...... 6 fa ccie wate nse neato 
Pt., S. 73° W.; 312-ft. Hill, 
N. 08’ W. 


Se ee ee ee 
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Temperature. Density. Trial. Drift. 
a Apparatus. ¢ 
3 ¥ § Surf. Botm. Depth va Direction. 3 
</| a a ray 
per Se a a 
°F. oF, oF. Min Mi. 
PPAR EMM Ete. Laan eck em | sone = see 5 iinrsBlish'sdns| Whotm <<] -/26..2\9. ose. ee act ee 
GUY |b Gh BASES Eee, ener) (ae DOr se sth 5 PANU ine 12 be Nes 34 |p ae me ee 
TN] Cs eS RES P| Perel ec dose: 22-4 Dot 2s aces S| hao. a5 se sl caer 
BONS GON aecscs|=c8 s cctusta|'sacrsaini'ec| wee Ne ORE Se ||S. 3 (Be (emai (ernest ees a 
MIS 1 O0s4 oso is. ss] occ eee Lue. sdr.; Sigs.| botm...| 244 | N. 49° W..| 2.4 
61} 59° rod; cle, 
bot.; 5 
Tur. cse.; 
12’ Ag.;m.b. 
-552|L ose] bSeAe-| BReecpeed Been peer SCINGM. fo2-5 sal sees ss|ieeeee =| aes aeceee |e 
£04 page| GS33 29 en RE BOR Es eran oece Suri 10) |peanoeat sae aa eee aac 
ft.,20 
ft. 
soe | Stes SERS S (ey (eee eerste hand iline19/) bOtm.,\|-,s¢os0c|secees aeons eee 
RS TAM by oe 10 ft. 
seine. 
pat + Ah be Se sseeeed 3: Tnr.s seine: botm. 5) |".0422c|sataeeeserss| Seen 
5 ft. 
Ee seca acc [chin sia oe | PAC 3’ Tnr.; seine; j surf., 4 |......- | eee Makes ool te rs 
| sub. It. feet, 
botm. 
_ Sao eee ee Pee erent ee oes Meese emeapees ne =< ok Kemeenian Ete se eA | oF 
, 
vn Os 1144.6 |-.-.5.25. b elasiaie'sats Lue. sdr.; Sigs.| botm...| 20 | S.50° W..| .7 
63 bot.;12’ Ag.; 
| m. b. 
| 
el 
ee Re Ca ee [onan wenn n|aecn cin ena nnccinelccweecepalennsnsalaasenscecene[sneen 
2 oopl eee peer eee BRING oes eset | MGtte, LOitetessst|<- 2c en ccanae eee 
| «0 


Remarks. 


Sealing party. 


Sdg. register read 
—50 at arrival of 
wt. at machine. 
Sigs. bot. failed 
to work. Cable 
out 1,300 fms. 
Sp. G. (surf.) 
24.3 at 15.3° C. 

Shore collecting. 
Seining party. 

Shore collecting. 


Shore collecting. 
| Do. 


Shore collecting. 
Seining. 


| Shore collecting. 
Seining. 


} Do. 
Sealing party. 


Sigs. bot. used in 
sounding. Cable 
out 600 fms. 


Shore collecting. 


Ballenas Bay. 
Shore collecting. 
Seining. 
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Station , ‘ 
- Ane Time of Character of 
aaa : Position. Chart. Date. day. Depth. "hathann: 
¢ 
Between Ballenas Bay and 
Santa Maria Bay. 
H. O. 1911. Fms. 
H.4952| 25°31’ 15” N,, 113° 29’30’" W. 1493 | Mar. 17] 8.09 a.m. 645 | gn. M., fne S., 
D. 5676 to Glob. 
9.58 a. m. 
H. 4953 | 25° 28’ 45’ N., 118° 16’ W...- 1493-2 do:s-25\ 0a py ma. Tp Based GO <5 cnc taee 
D,. 5677 to 
2.57 p.m 
Ie el Santa» Maria Bay. (anch:): |. ...¢..025..))Man 18:all days.-:}.. 2. 254 2) |S Seas eee ‘ 
Hughes Pt.,8.10° W.; Mt. , 
San Lazaro, N. 70° W. i 
Magdalena Bay. 
SyeeeEysy Off N.side of Santa Margarita |._...........| Mar. 19 | p.m-.--..- OE ee oo 
Id. (anch.): Left Tang. 2 
Deering Bluff, N. 60° E.; : 
NW. Tang. Id., N. 88° W. 
ye ied Mercy Channel (anch.): |.............| Mar. 20 | all day.-..|_......2.|------+---<-sccee=s 
Cisne Pt., S.. 70° W.; E. 4 
ee Santa Margarita 
46° 
D. 5678 | Sail Rk. Tanda Pt., S. 53° 1636 | Mar. 21 | 9.58 a, m. 133 | S., brk. Sh..-..... 
W.; Redondo Pt., "gS. 15° to 
W. (24° 35/ 20’ N., 111° 59’ 10.25 a, m. 
35/’ W.). pi 
aa Ne, Off Magdalena (anch.): Mag- Lalieds ee dpe donieos) pom eae oe 2M ea . 
dalena Whf., S. 82° W.; 
Cove Pt., S. 57° E. 
Between Magdalena Bay and 
San Lucas Bay. 
D.5679 | 23° 47’ 45’ N., 111° 23’ W.... 1664 | Mar. 22:| 6.37a. m. 325 | dk. gn. M., For... 
to 
7.57 a. m 
D.5680 | 23° 40’30’’ N., 111° 1245’ W.. 1664 |...do.....| 10.05a.m. Se a G0 22 S55. eee 
to 
11.524. m. 
DY5681) | 2323aalo/4N. L102! 107 Wee 1664 |...do.....} 2.05 p.m. 405) Sjoeee Oi estoceoseen 
to 
3.26 p,m 
San Lucas Bay. 
a siewee San Lucas. Bay (anch.):|....... .| Mar. 23} all day.... 134.)|: CLS.'S 3. -\ae eee 
Cape San Lucas, S. 7° E.; 
Customhouse, N. 77° W. 
D.5682 | Cabo Falso, N. 61° W.; Cape 1666 | Mar. 24] 7.27a.m. 49] WS. 3-:542 eee 
San Lucas, N.11°W. (22° to 
48’ 20’ N., 109° 52’ 40’” W..). 9.05 a. m. 


San Lucas Bay (anch.):|.............]-.. do:..:.| allday....].2....: a) be 
Cape San Lucas, 8.3° W.; f 
’ Customhouse, 8. 88° W. 


DREDGING AND HYDROGRAPHIC RECORDS, 
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Temperature. Density. 


Surf. Botm. 


39.0 | 1.02449 


70 | 66} 38.6 | 1.02402 


71 


67 


ees Cee 


68 | 43.3 


Ag. 
1.02885 | Luc. FR a 8igs., a 


seine; 19’’ dr...|... 


Trial. Drift. 


Apparatus. 
Dura- 


tion. Direction. 


Depth. 


Min. 
botm...} 20 


rod.; ‘Bi Se 


-do=.--| 20) |/SWNW...: 


rod.; "Sigs. 


12’ Ag.;m botm... 
hand | 
line; rity 


lead. 


Lue. sdr.; pice. botm... N.68° W.. 


at Bigs. 


hee 12’ 

Ag.; Iflat, 2 

round m. 
Lue. sdr.; Sigs. aoe dOz.ee 

rod.; Sigs. 

bot.; NZ; 

Tnr.cse.; 12’ 

Ag.; im. b. 


214 | N.68° W.. 


N.68° W.-- 


seine; subm. 


surf. 
It.; 19’ dr. ; 


botm. 


Luc. sdr.; eg botm... 


Pert si. 
os lp 12’ 
Ag.; m.b. 


Remarks. 


| Distance. 


Mi. 
NW.by W.| 0.2?) Cable oe eg 


fms. 

(surf.) 23. 8 % 
° 3°C., (botm.) 
; 24.6 at 16°C. 

.2 | Cable out 950 fms. 
Townets towed 
astern for 50 
min. during 
dredging. Sp. 
G. (surf.) 23.2 at 
19.1°C., (botm.) 
28.2 at 18°C. 

Shore collecting. 
About 13 hauls 
with dr 


Shore collecting. 


Shore collecting. 
Mangrove and 
Santa Margarita 


Ids. 
.6 | Cable out 50 fms. 


Shore collecting. 
Seining. 


-2 | Cable out 600 fms. 
Botm. water 
specimen lost in 
Lab. through 
oversight. 


.2 | Accumulator reg- 
istered 3 or 4 
tons on hauling 
in. Cable out 
650 fms. Towed 
16 min. at 600 
fms. Sp. G. 
(surf.) 23.6 at 
20°C., (botm.) 
26.6 at 15°C: 
.2 | Sigs. bot. failed to 
work. Cable out 
650 fms. 


Shore collecting. 


Seining. 
.6 | Sigs. bot. defec- 
tive: - Spo G: 


(surf.) 24.2 at 
25°C. Accumu- 
lator registered 
3 tons in tow- 
ing. Cable out 
800 fms. 

Shore collecting. 
Seining. At 


night El. lt.used. 


14 


Station 
num- 
ber. 


eee eeee 


DREDGING AND HyproGRAPHIC RecorpDs SECURED 


S. BUREAU OF FISHERIES, 


Time of Character of 


Position. Chart. Date. day. Depth. bartach 
San Jose del Cabo Bay. 
H. O 1911. Fms. 
(anch.): Semaphore, S. 83° |............. Mar. 25) alliday .). 9) 3255550" 4|_- ee 
W.; Customhouse, N. 42° Mar. 26 
Gulf of California, Western 
Coast. 
Pichilinque Harbor (anch.): |............- Mars 27 |alliday:..-.|....-4-42 clo. cee eee 
SE. Tang. San Juan Id.,8. Mar. 28 
14° W.; SW. Tang. N. side Mar. 29 
of False Bay, S. 41° E. 
Amortajada Bay; SanvJosehae sees Mar. '30!| \pyail...: . 2 <|/o.0. se 24| 05 
Id. (anch.): S. Tang. Cayo Mar. 31 
Id., 8. 81° W.; Cayote Id., 
S. 12° E. 
Asuapaverde Bay. (anche) seo. sees Apr. Li s.sd 0. F2% cli. shoe slo eee 
an Pasquel Pt., N.10° W.; Apr) a2 amen 
Opposite Pt., N. 83° E. 
Salenas Bay, Carmen (Tdi. 24 Me ald domes MM 222) 2 s0ce<'as bose ae eee 
(anch.): Perieco Pt., S. 63° Apr. 3] allday-.- 
E.; White Pt. S. 29° W. 
Mulege, mouth of Concepcion |.........---- Apres 4.) 23-d0s2 2.6] <ck<ac |e ecee eee 
Bay (anch): Sombrerito 
Pt., S. 44° W.; Gallito Pt., 
8. 54° E 
S. part of Concepcion Bay |........-.-.-- Apr: 6) | op.inet ees. 4] 52 thence 
(anch.): Concepcion Peak, Apr. 6 | all day 
S. 22° E.; 500’ Peak, S. 27¢ ‘ 
Ww. : 
S. part of Concepcion Bay |...........-. Apri)! 7S25006+.4. U2]. kic- e4| secs se ee eee eee § 
(anch.): Ranada Pt., 8. 83° Apr. 8 ‘. 
W.; Rt. Tang. RicasonId., \ 
S. 39° E. a 
San  Francisquito Bay eee See see Apr... 9 |...do.22-<.| 5.2.20: 43|h- eee } 
(anch.): NW. Tang., N.11° 
E. E. Tene N. 80° E 
Angel dela uardia Id., SE. SE ee Apr..10'| Dp; Mi... <<.) s2<-<10:0| 522 eee eee eee 
side (anch.): E. ra en 
Pond Id., N. 34° E.; 
Tang. Isla Partida, S. 28° R, 
Tiburon Id., S. side (anch.): Reve raed tee Apres UL [Jeedos:.- - =|scc sence Saneneae see eee 4 
Red Bluff Pt, 8S. 862 Wis Apr. 12 | all day 
an eee. Turners Id., 8. Apres fas meesee- } 
4 ° 
Gulf of California. s 
Sansebstabanw lds u(anch:)*)|eescseeceees Apry 113: || psi... sse's|b os 2. 5 | Scaee oo eee 
NE. Tang., N. 5° W.; 25/ Asprs 147 ka sme se | 
Rk., S. 54° Ww. 
Santa Catalina Id. (anche) rae ast a vee Apr. 16°}3.-dQ: ) 52-2). 2..45222/5 5. eee ee 3 
Santa Cruz Id. BS Soase v 
Pichilinque Harbor (anch.): |..........--. Apr. 17 || all day... <|..< J.5+-.lb.osseseee eee eee ) 
Off Coaling Sta. : 
Espiritu Santo Id.: San Ga- |.............|... dO. 2.3}.2-00=. -< =is|52.- so-so coe ee eee 
brie] Bay (anch.). | Avpr!) 18))\Waaunen sees 
Ceralbowds. eitpaccen cele asta Seciocisewceeee Apry 19)) pase se.cl.<cdecccsls cose ee eee 
W est coast, Lower California. 
D. 5683 | Off Cape San Lucas: Cabo 1664 | Apr. 20 | 12.41 p.m. 630 } ers. S., gn. M., G.. 
Falso, N. 53° W.; Cabeza to 
Bellana N. (22° 46’ 45” N., 2.49 p.m 


109° 50’ 15’’ W.). 


DREDGING AND HYDROGRAPHIC RECORDS, 


Durine THE LOWER CALIFORNIA Crutse, 1911—Continued. 


15 


Temperature. Density. Trial. Drift. 
; Apparatus. g 
s ¥ g Surf. | Botm. Depth. Fear: Direction. E 
4/a]| aA A 
op|or| oF. ; Min Mi. 
2 CUE? ee (eS Se ee SSI eet | ie acai te pee ho ares ss lerose ce ene 
hy Heed |) See ee (ea ee SUM GIG! Rascal oc cee oe toasec steel cee 
dr. 
nok| es) DS ee Se a Se SU ussOs [PSTLE NT 9 ceed =| ae seen See ele es 
dr.; seine; botm 
dyn. 

Beet cot jae cn Set | cbt ee = Seine; 19" dra. 4. €dot-.|2 soos. |be seme saiice seem 
Ad C654 Rae Heee Sees eee eee N75. | ESOING)s) |p a2 dOesaclaceon-| saiemarteane|nceee 
dyn.;19’’dr. 
oA ac) Se eS De a LOOf sSeimeis:|-3. Gout [ie s2.2. 0s S88 ce ee 
dyn.;19'’ dr. 

Spt oe eee be Sones (ge ees Seine 319 dress it's tar Fign| scmeare-|eteee ae alae tte cee 

dyn.;subm.|! botm 
It. 
S88 bake etal Eee eee ees See GE ew ih Teg | yo CY | er | ee | ee 
dyn.;19’’ dr 
oc5c| Sth HoaBAd osccseee poeeaedee Gyn.s) SUbIM. ||| SUtioes<||- 2-24] eae aes ae ae eee 
ood lt 8 Aad ASR aae aS BoSeesepe Gyn) 19!" dr. -|) botim..2|6- <.2:2.||so22 22--2--2|5se2 
oe cl EER ARSE A So eee ee Submits lies) |ysurts eels --| eerste ce -|eenes 
seine; dyn. 
| 2o4 2 Sa8 PAG |S e aeeae (eee eta QTc) ot cd Peew oho setae ooltre s eee ete 
cel | RIS SS Ses pee a ee ee ae Oe 4 2s ob gas rs sles ee | eee een [es ne 
pe) ae pepe dys; SubMsits saeco lee eee [ee eee eee Eee 
264 Sao 1 ete) AS OY ES SE | 1s a Sea (ee eres (OP as At RE a al BSN a 
} 
| 
70 | 73 | 39.1 | 1.02511 | 1.02329 | Luc. sdr.; Sigs.| botm.. 15 | S. 26°°W . 2} 1.5 
69 rod; _ Sigs. 
bot.; NZ 
Tur. cse.; 
12’ Ag. 


51700°—21——-9 


Shore collecting. 


Shore collecting. 


Shore collecting. 
Four dredge 
hauls. 


Shore collecting. 
Dredge hauls 
along the beach 

Shore collecting. 


Shore collecting. 
El. It. used at 
night. 

Shore collecting. 


Do. 


Shore collecting. 


Shore _ collecting. 
El. lt. used at 
night. 

Shore collecting. 


One bridle stop 
carried away. 
Runners twist- 
ed. Sp.G.(surf.) 
23.2 at 23.5°C., 
(botm.)21at25°C. 
Cable out 1,200 
fms. 


16 U. S. BUREAU OF FISHERIES. 


DREDGING AND HypDROGRAPHIC RECORDS SECURED 


Station aes 
A Position. Chart. Date. tame Depth. Shee of 
West coast, Lower California— 
Continued. “i 
FF. O. key TIE 9 ms. 
D. 5684 | S. of Magdalena Bay (23° 23’ 1664 | Apr. 21 6.06 a. m. 1; 760) 02.5.4; ceeteeeteeeeees 
30” N., 112° 30’ W.) to 
11.26 a. m. 
D.5685 | S. of Abreojos Pt. (25° 42’ 1493 | Apr. 22] 8.08 a. m. 645; (Dk.wS:, Comsesaneee 
45’ N., 113° 38’ 30” W.) i to 
10.26 a. m. 
D. 5686 | SW. of Abreojos Pt. (26° 14’ 1493 |...do.-.-| 3.07 p.m. 930 | gn. M., Glob...-... 
N., 114° W.) to 
5.22 p.m. 
SRE Port San Bartolome(anch.)s.)22. oc. 06sce| Apr 23))| (Gane 2.5 ool oor cece cn See ete eee 
Entrance Rk., N. 79° W.; 
S. Tang. Coffin Id., S. 52° 
Wie 
Coast of California. 
D. 5687 | S. of CarnOs en ALG Tang. 1310 | Apr. 23 | 12.37 p.m. 480 | gn. M., Glob...... 
Nativida: ONE Oe) EBs to 
Breaker Pt., Lower Calif., 2.23 p.m. 
INSv20 Es C2739" 15” N. 3 
115° 16’ W.) 
D. 5688 | W. Tang. Natividad Id., N. 13510) ed Ol.-2= 2.30 p.m. 525) | wes C0 (1 eae p 
15° E.; Breaker Pt. N. 72° to 
BE... (27° 387 45/7 N., 115° 177 4,23 p.m. 
40’” W.) 
D. 5689 He et Ruedaloupe ae Hat 1193 | Apr. 24] 6.11 a.m. 879 SP fne. S., G., 
t., N. 59° E.; St. Vincent to xlob. 
Peak, N. 47° E. (29° 23’ 8.49 a.m. 
N., 116° 14’ W.) 
D. 5690 | East of Guadaloupeld. (29° DLS) pee doseees 10.07 a, m. 1,101 |} gn. M., Glob-=2-=. 
29’ N., 116° 18’ W.) to 
12.57 p. m. 
D.5691 | SW. of San Diego, Calif. 1006 | Apr. 25} 6.06a.m. 868 | gy. Miso. Sees 
(31° 08’ 20’” N., 118° 29’ 30” to 
W.). 8.45 a. m 
D. 5692 | SW. of San Diego, Calif. (31° 1006) )|¥.e¢daze.-s JU 21a5 mn" L076 teu dOss,- bee 
23/ 45’’ N., 118° 31’ 30’ W.). to 
2.17 p.m 
Cas. 
D. 5693 | W. of San Nicolas Id. (33° 13’ 5002 | Apr. 26} 6.06 a. m. 461) |. .ccdecvcteese sees 
30’” N., 120° 04’ 30” W.). to 
7.52 &. m 


eo) eee ee 


DREDGING AND HYDROGRAPHIC RECORDS, 


17 


Durine tae Lower CautrorniA Cruise, 1911—Continued. 


Temperature. 


61 
62 


60 


57 


58 


58 
61 


54 
53 


61 


60 


60 


58 


58 


59 


56 
54 


41.1 


37.2 


37.1 


Density. 


Surf. 


1. 02379 


1.02385 


1.02397 


1.02362 


Apparatus. 
Botm. 


“Luce. ae Sigs. 
rod; Si 
bot. ; ‘NZ: 
Tnr. ese. ; 
12’ Ag. 


1.0248 | Luc.sdr.; Sigs. 
rod; Sigs. 
bot.; NZ 


Tor. 


1.02476 


1.02563 | Luc. sdr.; Sigs. 


Dept 


botm... 


botm... 


botm... 


a Dura- 


tion. 


Min. 
30 | NW.byW. 


4 


30 


20 


20 


P00 eae 


30 


Remarks. 
Direction. 


Distance. 


250-lb. weight 
laced above 
ridle instead of 
140-1b.  Sound- 
ing wire carried 
away losing Sigs. 
bot., sounding 
cup ‘and therm. 
Glass floats car- 

a ried owey: Ac- 
cumulator regis- 
tered over 5 
tons. Cable out 
3,015 fms. 

Sigs. ‘bot. failed 
to work. NZ 
#108018, replac- 
ing #104914, did 
not register. Ca- 
ble out 1,200fms. 

Water specimen 
thrown out by 
mistake. Cable 
out 1,250 fms. 


WisiDy Sasinaae- 


So 72> Wee) 165 gees IE 


p. 
24 at 15.7 
ee ) 24.8 at 

14.9°C 


2.0 | Cable out 900 fms. 
Sp. G. (surf.) 

24.1 at 15.5°C., 

eee eps at 


&. 85° W.. 


N. 87° W.. Botm. therm. 
failed to regis- 
ter. Cable out 
1,410 fms. Sp. 
G. (surf.) 24.1 at 
14.2°C., (botm.) 
26.2 at 11.5°C. 

Cable out ar 
fms. pee 
(surf.) 9 at 
14.5°C., (botm.) 
27.8 at 11.6°C. 
NZ #98244 re- 

laced #108018. 

Cable out ir 


Hany ebb ae 


(surf. ) 
14.6°C., (botm.) 
26.2? at 11.8°C. 

Cable out 1,500 
fms. Sp. G. 
(surf.) 23.6 at 
15°C., (botm.) 
25.8 at 12.2°C. 

Cable out 800 
fms. Stray line 
carried away 
with all instru- 
ments. 


Gla Wiee 


SI 82° 0b see: 


18 U. S. BUREAU OF FISHERIES. 


DREDGING AND HypROGRAPHIC RECORDS SECURED 


Station Fi 
BAB 7 f hi 
pe Position. Chart. Date. dag. Depth. Cc ala of 
Coast of California—Contd. 
CaS: 1911. Fms. 
D. 5694 | NW. of San Nicolas Id. (33° 5002 | Apr. 26| 9.09 a. ni. 640 |, gn. M eee 
24’ 36” N., 120° 12’ 30”” W.). to 
11.28 a. m 
D. 5695 | (33° 33’ N., 120° 17’ 30’’ W.). 5002) Seedore-a- 108 p. m. 534 | gn. S., Glob. ...... 
te) 
3.22 p.m 
D.5696 | W. of Pt. Buchon, Calif.: 5002 | Apr. 27| 6.154. m. 440) ||. oe oc acteeee meen 
Pine Mt., N. 42° E. (35° 18” to 
30/” N., 121° 28’ W.). 7.45 a. m. 
D. 5697 | W. of Piedras Blanca, Calif.: 5002/5 -do.--22 10.02 a. m. 485 | gn. M., bk. S.._... 
Silver Peak, N. 40° E., to 
Pine Mt., N. 75° E. (35° 35’ 11.42 a. m. 
N., 121° 39’ W.). 
D. 5698 | Off Pt. Sur, Calif.: Pt. Sur, 5002) se=doree-e 2.02 p.m. ATS ||. .<ctceeeseee eee 
N. 6° W.; Juniperro Mt. to 
N. 47° E. (35° 50’ N., 121 3.48 p.m. 
49’ 30’ W.). = 
D. 5699 | Pt. Sur Lt., N. 12° E. (36° 5002)| 252 dosses 6.07 p.m. 659) | ‘ene Mo eeenaaeeee 
30'7 N., 122° W..): to i 
8.11 p.m ; 
DREDGING AND HypROGRAPHIC RECORDS ; 
Station : 
ae Time of Character of 
non: Position. Chart. Date. day. Depth. bertoni: : 
Off Coronation Id., Alaska. 
1911. Fms. 
H.4954 | 5 miles ES.,2S. from the po- }............- Aug. 21} 9.05a, m. 134°] ‘Cu .c. eeanast eee 
sition (55° 57’ 30’” N., 135° 
27’ W.). = 
H.'4955'|| 38. miles SSW. 4 W. from |.........-..- Aug. 22] 9.49 a. m. 1;368 | bn. Mi -2sesseeeee 
Kerourat Id., Alaska (51 
29’ N., 131° 48’ W.). 


DREDGING AND HYDROGRAPHIC RECORDS. 


During tHe Lower CALIFORNIA Cruse, 1911—Continued. 


Temperature. Density. Trial. Drift. 


Apparatus. 
Dura- 


Surf. tion. 


Botm. Depth. 


Direction. 


Min. 
1. 02483 | Luc.sdr.; Sigs. 30 
rod; _ Sigs. 
bot.; NZ; 
Tnr. cse.; 
12’ Ag. 


botm., .. 


38.9 | 1.02389 | 1.02466 
56 


58 30 


57 


50! 54] 39.9 | 1.02346 oe 134 
52 r 


39.8 


39.9 | 1.02451 | 1.02450 


51] 52 1.02471 


52 


37.9 | 1.02373 


19 


Remarks. 


Cable out 1,200 
fms. NZ #108154 
replacing #98244 
failed to trip. 
One bridle stop 
carried away. 
Sp. G. (surf.) 
23.9 at 14°C. 

(botm.) 25 at 

14°C 


Sounding register 
read —10 fms. 
when cup afr- 
rived at surf. 
Cable out 1,200 
fms. Gs 
(surf.) 24.2 at 


Cable out 
fms. Sp. 5 
(surf.) 23.9 at 
12.2°C., (botm.) 
25.1 at 10.5°C. 

Cable out 750 
fms. ey G. 
(surf.) 4 at 
12.5°C., (botm.) 
25.3 at 11.8°C. 

Cable out 900 


fms. p. G. 
(surf.) 24.2 at 
12°C., (botm.) 
24.9 at 13.9°C. 


SEcuRED IN ALASKA, 1911. 


Temperature. Density. Trial. 


Apparatus. 
Dura- 


Surface. | Bottom. tion. 


Depth. 


Lue. sdr.; Sigs.| botm...|....... 
rod. 


Drift. 


Direction. 


Remarks. 


20 U. S. BUREAU OF FISHERIES. 


DREDGING AND HyproGrapHic Recorps SECURED IN SAN 


Station 2 : 
‘ Aat Time of Character of 
ae Position. Chart. Date. day. Depth. bottom. 
Middle section of bay. ; 
COS: 1912. Fms. 
D.5700 | AngelId. Lt., N. 242° E.... 5532 | Jan. 30 | 10.00 a. m. 19 crs., fne. G.,; 
H. 4956 | Alcatraz Lt., 8. 782° B. 17 a Sh. 
Tang. Lime Pt., S. 681° W. 
D. 5701 | Alcatraz Lt., S. 873° E ieee eye 5532) |---d02---- 1.20 p.m. 13 | S.,fne. G., brk. Sh. 
H. 4957 Bie Tang. Angel Id., N. 431° 17 
Mile Rk. Lt., S. 522° W. 
D. 5702 | Alcatraz Lt., fe 612° E Ieee RRP || (lao oak 2.54 p.m. 13) She Ste-peeae eee 
H. 4958 ey Tang. AngelId., N. 204° 123 
Tang. Lime Pt., S. 534° W. 
D.5703 | Rt. Tang. AngellId.,S.42° W. 5532 | Feb. 1 | 10.10 a. m. 84 | dk. gy. stk. M..... 
H. 4959 | Southampton Lt., 8. 83° E. gi 
Rt. Tang. Red RK. aN ie TaniWie 
D.5704 | Center Red Rk., N. 13° W... 55a. Ween GOssee. 2.09 p.m. Tae 8 doin. sce nese 
H.4960 | Southampton Te S. 61° E. 7 
Rt. Tang. Angel Td., 5.32° W. : 
D.5705 | Southampton Lt., N. 70° E.. 5532 | Feb. 6] 9.50 a.m. Qhiolk Bye. Mass een ees 
H.4961 | Quarry Pt.,8.1° E. 9 
Pt. Chauncey, N. 56° W. 
D. 5706 | Lft. Tang. Goat Id., Ee Bylo ioe 5532. |...do....- 1.00 p. m. ee ae do. .52 3) steers 
H. 4962 | Rt. Tang. ee rae S. 89° W. 7 
Southampton Lt., N. 12° E. 
D.5707 | Lft. Tang. San Quentin, N. 5532 |...do..... 2.15 p.m. Se seen ‘in ecini eh cis tee 
H. 4963 882° W. panos 
Brothers Lt., N. 2° W. f 
Bluff Pt., $.4° W. ; 
D. 5708 | Brothers Lt., N. 12° E....... 5532) |peadoweeee 2.37 p.m. 104 | SSM) ee ‘ 
H. 4964 | Lit. Tang. San Quentin, 8. 123 
88° 
Bluff Pt., S. #° W. 
D. 5709 | Brothers Lt., N. 84° E....... D532 aes Ose=ee 3.13 p.m. 12%')| M.S cesemee eens 
10% 


H. 4965 mec ewe San Quentin, S. 
43 
Be Tang. Castro Pt., 8. 553° 


H. 4966 teat ie Snoese ieee ee 5532 | Feb. 13 | 10.24 a. m. 7) DIS Meee eseeeceee 
Angelltd. i. N. 734° E. 
Yellow Bluff, Tang., ‘S. 132° E. 
H. 4967 | Alcatraz Lt. ist he D322 OOea- =e 11.06 a. m. 13° |. Mil Jace eee 
Angelld. io ,N. 144° E. 
Lime Pt. Lt. ash 554° W. 
H. 4968 Southampton Lt. IN. TORE 55S 2 hee dOseees 12.30 p.m. 20) || Soe eeeee eee 
Alcatraz Lt., S. 27° W. 
Lft. Tang. Angelld., N. 78° E. iH 
H.4969 | Southampton Lt., N. 15° E.. 5532 |...do..... 12.58 p.m. 1735) “MSsto eee ¢ 
Alcatraz Lt., S. 18° W.. 
pt Red Rk., N. 473° 


H.4970 | Rt. Tang. Red Rk., N.12° W. 5532 eeaGOseane 2.15 p.m. Sr losses GOs a0. 3acseeee 
Southampton Lt., ’N. 60° E. ¥ 
Pt. Campbell, 8. 72° W. h 

H..4971 Southampton’ Lt., 8..69° a 532i) eee CLOlee ee 2.47 p.m. 12s Ceece GOs 28 Passes 
Rt. Tang. Red Rk., N.4° W 
Pt. Stuart S. 27° ; 

H, 4972 | Rt. Tang. Red Rk., N. 13° E. 5532 |...do..... 3.15 p.m. 7 | hra. 5 
Bluff Pt., 8. 13° W. hi 
Southampton ‘Lt., S. 52° E. ¢ 

H.4973 | Southampton Lt.,S. 48° E._. Bosei\seeG0reeee 3.47 p.m. i | M.S eee i 
Rt. Tang. Red Rk., N. 58° E 
Bluff Pt., S.17° E. 

H.4974 | Brothers it., IN SO PIR ses oe bas2i|seeGoeeeae 4,22 p.m. Osea do: 2. cece 
Lft. Tang. Red Rk., 8. 62° E. 7 
Lft. Tang. San Quentin, Ss. | ; 

88° W. 


DREDGING AND HYDROGRAPHIC RECORDS. 21 


Francisco Bay, Cauir., 1912-13, anp Marcu, 1914. 


Temperature. Salinity. Trial. 
Apparatus. j 
. | @ | Surf. | Botm. Depth. | Dura- 
CA a ae i 
<| a faa) 
: 2 a) (RY oe Min. 
L300] (ECs) G8 8 Bl ae Se a 9’ Ag.; 19’ dr.| botm... 18 
eid” [ET EES pape [I fee MRS St (ed GOnen ce oe oe do 17 
[a7 0 bi 1 55) SR Ae | eed Pe Sa GOs. is.cacctees do 164 
| 
| 
De aveealbe OS |occec cleo. cn oO Doro drilt.-00-... 153 
[fee] F723] PS i) a Pe Ag IG dri jee. do 11 
Fite Chie Balm erneal aioe a cle ee ees Olanr fOridry Iy- dO... 5 
#12. 
LSM Bi as] | ee ee ees a eee ON ae eae ee don 6 
[22 Safe] 1 es | eet lee Pe Sa I (3 Ke yaya altaya Nae GOscse 8 
SoCs CSE Tile, eae Se 9’ Ag.; 19’ dr.; |...do....| 143 
$12, 
(lo) EINES: SA A BR Bias 5’ Tor.; 19’ dr,|...do....| 134 
#12. 
55 |54. 23/53. 93 | 29.10 | 30.48 | Sigs. bot.; #12; | surf.and} 10 
Bo: Tur. cse, botm. 
55 |53. 83/53. 93 | 29.53 | 31.01 |-..... Boe 2508 ess do 10 
56 |53. 83/53. 93 | 27.59 | 26.10 |..... Oh gs aoe ee ...do 10 
54. 03/55. 73 | 26.49 | 28.40 | Sigs. bot.; Tur. |...do 10 
ese.; #12. 
57 |53. 83/53. 83 | 26.96 | 28.46 |-.... G0i25 ices =o 10 
56 |53. 83/53. 73 | 26.16 | 26.32 |....- MOsa veces Lit (ae 10 
56 53. 73/53. 83 | 23.91 | 25.39 |..... 6 (a ee Se [ee do 10 
57. 5/53. 73/53. 73 | 18.23 | 22.76 |..... ro Ue aR eae ( do. 10 
58 53. 73/53. 53 | 17.47 | 21.74 ]....- 0 gba GPA bo do. 10 


Remarks 


| Distance. 


0.3 | Bridle stops parted, 
frame tripped, and 
net torn, 

.4| Net carried away. 


-4| Trawl contained 

chiefly shells, few 

fair-sized stones in 
pie il dr. oe not 

rag properly. 
.§ | One Bridie sian had 
parted; on hoistin; 
inboard net parte 
close to frame; 
frame was_ bent, 
boom likewise. 

.3 | Accumulator _ regis- 
tered nearly 7 tons; 
net gave way on 
haul in; was be- 
yond redemption. 

.4 | Mud filled with worm 
tubes and ophiu- 
rians. 

.4| Fewer worm tubes 
than preceding; 
few, if any, ophiu- 
rians. 0 com- 
plete examination 
or inventory Was 
made of contents of 
haul. 

-4| Boat dr. was not 

tied, hence botm. 

not accurately de- 
termined. 


sete Strong ebb. 


As ee Do. 


a PA Strong ebb; lost 


townet; was fouled 
in propeller strut. 
acer Strong ebb. 


shiateee = Do. 
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U. S. BUREAU OF FISHERIES. 


DREDGING AND HyproGRApHic RECORDS SECURED IN SAN 


Station 
num- 
ber. 


Position. 


Chart. 


Date. 


H.. 4975 


H. 4976 


H. 4977 


H. 4978 


H. 4979 


H. 4980 


H. 4981 


D. 5710 
H. 4982 


D. 5711 
H. 4983 


D. 5712 
H. 4984 


D. 5713 


H. 4985 


H. 4986 


H. 4987 


H. 4988 


H. 4989 


H. 4990 


H. 4991 


H.. 4992 


BH. 4993 


H. 4994 


Time of 


day. 


Depth. 


Upper section of bay. 


Tang. Crockett Whf. S. 74° E 
Carquinez Lt., N. 50° W. 
Tang. Selby Whf., 8.69° W. 
Tang. Crockett Wht. ay 76° E. 
Carquinez Lt. . 48° B 

Mare Id. Lt., We 27° W 


Carquinez Lt., N. 71° E..... 
Lone Tree Pt. Wht., S$. 36° E 
Pinole Pt. Tang., 8. eee 
Mare Id. Lt., N. 66° E....... 
Lone Tree Pt. Whf., ey 82° E 
Pinole Pt., S. 41° WwW. 

Mare Id. Lt., ING63cebiee-ee es 
Brothers Lt., S. 32° W. 


Lft. Tang. Pinole Pt., S.54°E. 


Pinole Pt. Lft.Tang. 'N. 76° E 
Lft. Tang. Sisters, 8. 58° W 
Brothers Lt., S. 23° W. 
Brothers Lt.,S. 7° E........ 
Lft. Tang. Sisters, N. 22° W. 
Lit. Tang. Pinole Pt., N. 59° 


Middle section of bay. 


Lime Pt. de a. See 
Alcatraz UN Tang. N. 70° EB. 
Angel Id. Lt., N. 9° E. 
Lime Pt., N. CBO eee eee 
Angel Id. kas N. 6° E. 
Alcatraz Lt., 'N. 63° E. 

Lime Pt., Ne S72 W eo ee 
Angel Ida. Lt., N. 6° W. 
Alcatraz Lt., 'N. 79° E. 
Aleatraz Lt., INGORE Reece 
Angel Id. Tits, N. 19° W. 
Lime Pt., N. "7gR° W. 


Upper section of bay. 


Tang.Crockett Whf.,S.74° E. 
Carquinez Lt., N. 53° W 

Tang. Selby Wht, S. 80° W. 
Tang. Crockett Whtf., 8. 703° E 
Carquinez Lt., N. 28° BE. 
Mare Id. Lt., N. 50° W. 
Carquinez Lit., INS 692 Hise oe 
Lone Tree Pt. Wht. S. 38° E. 
Pinole Pt., S. 55° W 


Maredd: ot: Ni65° Be. -2s.- 
Lone Tree Pt. Whf., S. 82° E. 
Pinole Pt., S. 42° W. 

Lft. Tang. "Sisters, S. 58° W.. 
Brothers Lt., S. 31° W. 

Lft. Tang. PinolePt., S. 73° E. 
Rt. Tang. Sisters, a 63° W.. 
Pinole Pt., N. 74° 

Brothers Lit, Ss. OS w. 
Brothersilteisa4e ees esse. 
Lft. Tang. Sisters, N. 36° W- 
Lft. Tang. PinolePt., N. 60° E 


Middle section of bay. 


Lft. Tang. Red Rk., S. 87° E. 
Brothers Lt., N. 26° E. 
eee San Quentin, N. 
Brothers Lt., N. 14° E....... 
Bluff Pt., S. 16° E. 

Rt. Tang. Red Rk., 'N. 44° E. 


GAS: 
5533 


5532 


5532 |. . 


5532 |.- 


5532 |... 


5533 


5533 |... 


5533 |. - - 


5533 |. - - 


5533 |. 


5533 |... 


5533 


5532 


5532 |.. 


1912 
Feb. 


Feb. 


15 


16 


1.10 p. 


9.38 a. 


10.00 a. 


11.04 a. 


1.47 p. 


11.00 a. 


11.35 a. 


-m. 


Character of 
bottom. 


bk. S., hrd. M..... 


| 
a 
| 
| 


DREDGING AND HYDROGRAPHIC RECORDS. 


Francisco Bay, Caurr., 1912-13, anp Marcu, 1914—Continued. 


Temperature Salinity. 
l Apparatus. 
s ¥ g Surf. | Botm 
</| a2 faa) 
ol ced (iba Jed (Riba? A 
55 |53. 83/53. 63 | 13.91 | 18.56 | Sigs. bot.; Tnr. 
cse.; $12, #20. 
57 |53.83/53.63 | 13.94 | 17.68 |..... Oe. 4. 6.2 
58 |53.73/53.83 | 15.10 | 19.85 |..... Gor. 5 6256 
54. 5/53. 63/53.93 | 14.19 | 21.47 |..... dp? st... 4 
58 |54.03/53.93 | 21.54 | 22.11 |....-. ORs. . oot 
58. 5/53. 83/53. 93 | 19.02 | 21.28 |..... Gos. $3452 
59 |53.33/54.03 | 21.41 | 22.51 |..... GOrE stance 
Ms obiveselpcecculoccssse|sacases So prs 19!" 
dr.; #12, #20. 
RRIER ie Saleceacitlosete else cectcloe~ ss GO5* bi3sc6 
| Ga Ee: ea | Se) Fe Eas bea He Ke 
drs )m. (b.; 
#12, #20. 
TGS ls] ee ee eee eee Osean. oe 
56 |54.03/54.13 | 7.01 | 12.67 | Tnr. ese.; Sigs. 
bot.; 4’ inter.; 
#12, #20. 
63 |54.23/54.53 | 13.33 | 17.40 |..... Ch ae 
62. 5/55. 33/54. 73 | 11.35 | 19.57 |_.... Glo tee Be ame 
62 |55.23)54.83 | 21.42 | 21.12 |_.... (3 fo hee erent 
62 |55.13)54.73 | 24.22 | 24.19 |_.... dOnes7s tee 
62 |54.83)54.83 | 24.03 | 24.77 |..... GOL od. Jona 
58 |54.13/54.63 | 18.95 | 23.95 |..... (s [one 
58 |54.33/54.63 | 22.35 | 24.49 | Tnr. cse. ; Sigs. 
bot.; 4’ inter.; 
#12, #20. 
56. 5/54. 63/54.43 | 23.77 | 25.35 |..... G0e 52. sceha 


Trial. Drift. 
o 
oO 
Depth. | PU"2"| pirection. 8 
ZA 
Min. Mi. 
Siu rif; 10) fy Aceainet |2-2-2 
and tide. 
botm. 
Beets (ooh 10 Bes Ko ees |e 
bac GOses| 10 1h dow. y4 | vg 
sadoz33). 10) 12 .3do.-<e*|sass2 
in -Otee al | 10) EASGOL . 8-4. 
Backs eee 10) We acGOles scclecees 
Eadortss| 10): do. Rel ee 
botm... 4 S90 = steecee 0.4 
mec dOscs 4 JO ss eee 25 
apes (aes 5. | MORSE Fas 3 
secGO.cecl) 28k 12710 °esotees 132 
Surt 10 | Against }..... 
and tide. 
botm 
Ors 10) |b sdos.22 shee 
200-252 8 iL wdot.% 
3a0..- 7 Gaal (See Ce aes A ee 
=O... yee) |B gis Co ae? ea ee Be 
ea cOis<'s OR dos.22 else 
Bae Om sont seraaieen tae GO eeaclacces 
surf. 10 | Against |..... 
and tide. 
botm. 
ae Cee mW es. GO cee 


23 


Remarks. 


Strong ebb. 


Strong ebb; as botm. 
therm. was tripped 
before 10-min. 
period had elapsed, 

otm. temp. was 
taken again. 

Strong ebb. 


Do. 
Do. 
Do. 


Do. 


Flood, 


Flood; net touched 
bottom. 


.|.--.-| Flood; full of mud; 


most of catch of #20 

townet let go be- 

cause of mud. 
Slight flood. 


Do. 
Slack water changing 


2s fairly strong 


ebb. 
Flood; slow stream. 
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U. S. BUREAU OF FISHERIES. 


DREDGING AND HypDROGRAPHIC RECORDS SECURED IN SAN 


Station 
num- 
ber. 


H. 4995 


H. 4996 


H. 4997 


H. 4998 


H. 4999 


H. 5000 


H. 5001 


H. 5002 


H.. 5003 


H. 5004 


H..5005 


H. 5006 


H.. 5007 


H.5008 


H. 5009 


H. 5010 


H. 5011 


H. 5012 


H. 5013 


H. 5014 


H.5015 


Position. 


Chart. Date. 


Time of 
day. 


Depth. 


Character of 
bottom. 


Middle section of bay—Con. 


Southampton 1 Lt., 8. 47° E 
Bluff Pt., S. 9 ow. 

Rt. Tang. Red Rk., N.7° E 
Bluff Pt., S. 42° Wie cee) 
Southampton Lt., S. 66° E. 
Rt. Tang. Red RK., N.5° W. 
Southampton Lt., 'N. 66° E.. 
Pt. Campbell, S. 69° W. 

Lft. Tang. Red Rk.,N.14° W. 
Southampton Lt., N. 23° E.. 
Pt. Blunt, S. 32° W. 

124h, Simpton, N. 56° W. 

Pt. Blunt, N. 80° W........- 
Southampton Lt., N. 
Alcatraz Lt.,S. 21° W. 
Alcatraz Lt., 8. 56°E 
Fort Pt.,$.40° W. 
Angel Id. Lt., N. 10° E 


Lower section of bay. 


No. 2 Beacon, S. 36° E 
San Bruno Lt. , N. 60° 
Pt. San Mateo, "3. 23° 
Candlestick Pt. ae 43° W.. 
San Bruno Lt.,8. 88° 
Pt. Avisadero, N. 23° 
Candlestick Pt., N. a 
San Bruno Lt., 8.6 
te Avisadero, N. ae 
Candlestick Pt., N. 54 
San Bruno Lt., "N. 42° 
Pt Avisadero, N. 23° 
Shag Rk., N. 48° W......... 
San Bruno Lie Sects 
pees Pt. “3 infe7ale W. 
DhaswRESIS ToS caWestese cee 
Rt. Tang. Pt. Avisadero, S 
74° W. 
Goat Id. Lt., N. 21° W. 


42) 


ele 


aa 2 


Goat Id. Lt., N. 23 
Ferry Bldg. JN. 54° W. 

Pt. Avisa ero, 8. 19° W. 
Rt. Tang. Goat Id.,N.15° EF. 
Lft. Tang. Goat Id.,N. 5° W. 
Ferry Bldg., N. 72° W. 

Rt. Tang. Goat Id., N.19° EF. 
Lft. Tang. Goat Td., N. PW. 
Ferry Bldg:, N. 8 ow. 


Pt. Avisadero, S. 22° W..... 
Goat Id. Lt., N. 26° W. 
Ferry Bldg., "N. 57° W. 
Pt. Avisadero, 8. 12° W..... 
Goat Id. Lt., x. is° W. 
Ferry Bldg., N. 54° W. 


Rt. Poe Pt. Avisadero, S. 
Goat id. Lt. ie. oe W. 
ae ee 

lestick Pt., N. 73° W... 
Shag Rk., N. 49° W. 
San Bruno Lt.,S.18° W. 
Candlestick Pt., Bey 652 W.. -< 
San Bruno Lt.,.S. 43° W. 
Pt. Avisadero, 'N. 26° W. 
Candlestick Pt., ia: Ee SW ei 


San Bruno Lt., ° Ww. 
Pits Avisadero, N ° “29 2 WwW 


C.8: 1912. 
5532 | Feb. 21 


5532 |. - 


5532 |... 


5531 |... 


os Ls| Pasdoueses 


5531 


OST |/2-GOse.c4 


SoSUI|E-.GdOss-se 


S581 oe. GO.eee 


3.20 p.m 


4.00 p.m. 


10.30 a. m. 


11.15 a. m 


11.35 a. m.} 


12.50 p.m 


1.25 p.m. 


1,55 p.m. 


2.15 p. m. 


| 
| 


‘ 
‘ 


DREDGING AND HYDROGRAPHIC RECORDS. 25 


Francisco Bay, Caur., 1912-13, AND Marcu, 1914—Continued. 


Temperature. Salinity. Trial. Drift. 


‘ Apparatus. $ Remarks. 
¥ § Surf. | Botm. Depth, rips Direction. E 
a = A 
els (eee , Min. Mi. 
54. 63/54. 23 | 25.20 | 27.59 | Tnr.cse.; Sigs.) surf. 3 | Against |..... Flood. 
bot.;4’inter.;} and tide. 
#12, #20. botm. 
sac 4°93 |/26.78 | 29.14 [2-2 dou... ...3.]2..do....| 13 |.-.dow.....|:.--.| Flood; slow stream. 
55. 23/54. 23.|....... Par (1) ae ce (oes Se Eee dOnsen Orb aecGOwn na ecleane Do. 
54. 63/54.03 | 28.40 | 28.92 |..... Govt east 3.20056) (LO? Secdoss ses |csee Do. 
54. 53/54.03 | 28.23 | 28.14 |..... dosssn ecco Ee dOsee 8) 0/8 2d0~ 5 sctteee se Do. 
53. 93/53.93 | 31.00 | 31.18 |..... dort GOrs54|-6- cess] aes dose ool. es) Slack: 
53 |54, 23/54.33 | 28.53 | 27.30 | Tnr. ese.; Sigs.| surf. 9) Against oie. Flood; moderate cur- 
bot.; 4’ inter.; and tide. rent, nearly slack 
#12, #20. botm. at end. 

55/54. 73/54.63 | 28.56 | 28.40 |..... Ose eee oe @os.5 i es. GOuss cee lene Do. 

57 |54.83/54.63 | 28.29 | 28.33 |..... Cov. oe) 20 does: Q eedossseet esac. Do 

57 |54. 83/54.63 | 28.14 | 28.02 }..... GOs44 e026] 0' GOscc To NStOs cae cace Do. 

57 |54. 83/54.63 | 27.87 | 27.83 |....-. Ove 4se2sctlees dots: 6" |ceedoss2s23)2—< Do. 

57 |54.53/55.13 | 27.48 | 27.52 ]..... CU ES BRR RH ae doves Cite dors epee Flood; moderate cur- 
rent, nearly slack 
atend. Mud haul, 
townets emptied, 
mud in bag of one 
saved. 

56 |54.43/53.93 | 26.94 | 27.17 ]..... Osseo seco do... 8 |...do....../.....| Flood; moderate cur- 
rent, nearly slack 
at end. 

56 154. 73/53. 73 | 27.68 | 27.85 |..... Gor. jhe aue do... (Aen rk (eee ene Do. 

49 |52.63/51.53 | 27.37 | 28.84 |..... GOs see sse see dors Vinee OO ce efea oe Swift ebb at outset. 
Water very much 
clearer than on last 

} 2 few working days. 

50 |52.83/52.53 | 27.01 | 27.72 |..... Ps foo ee te ozs 10 |b dore- ses ipaee = Ebb. Passed abrupt- 
ly into muddy 
water. 

51 {50.33/52.43 | 27.40 | 27.11 |..... Mors 525-8 eee 0.22. 4 |...do......|.....] Ebb. Return was 
made to blue water 
afew hundred yds. 
from line of divi- 
sion. After churn- 
ing with propeller 
the Surf. Sal. was 
27.52. 

51 |53.33/52.93 | 27.81 | 27.65 |..... doi 4. cia G0.s<5 TO ee eS ee Ebb. 

51. 5/53. 13/53.13 | 27.79 | 27.75 |..... a0} o3.<3-8 GOpsta|) #10) |b s20o.. .. al ee Do. 

53 52. 83/52.83 | 28.11 | 28.12 |..... MO? ceivs sles doz:<3 Oo 452d0.... 52.) Do. 

53 |53.03/52.93 | 28.23 | 28.28 |..... 71 ae BPE Fee do.css 6.122200... 355s Do. 


26 U. S. BUREAU OF FISHERIES. ; 
Drepeinc AND Hyprocrapnic Recorps SECURED IN SAN 
- == = _ 
Stati . 
ation aR Time of Character of 
ca Position. Chart. Date. day. Depth. bottom. | 
' 
4 
Lower section of bay—Con. } 
Gas: 1912. Fms. . 
H. 5016 | Candlestick Pt., N. 41° W... 5531 | Feb. 27 | 2.30 p.m. AP | Mave catetemedee soe ; 
San Bruno Lt., S. 89° W. j 
Pt. Avisadero, N. 21° W. ‘ 
H.5017 | San Bruno Lt., N.57° W.... Boslele--doresee 3.00 p.m. Bivisces dose). 1382.8 : 
San Mateo Pt.,S.13° W. } 
No. 2 Beacon, S. 41° E. 
Middle section of bay. i 
D. 5714 | Brothers Lt., N. 40° E....... 5532] Feb. 28| 10.15a.m.| 15 | bk.S.,M.,Sh..... 
H.5018 | Rt. Tang. Red Rk., S. 27° E. 9 
San Pedro Pt., N. 2° E. ; 
. 4 
Upper section of bay. f 
D.5715 | Brothers Lt., S. 11° W....... 5533 |...do...-. 11.07 a. m. 93 | gy. S., gy. M...... 
H.5019 | Rt. Tang. Sisters, N. 86° W. 134 : 
Pt. Pinole, N. 64° E. ‘ 
IDES 716) Mets einole. NaS sth see easee §533)||5--Gos---- 1.10 p.m 6 «| Site Me aes { 
H.5020 | Brothers Lt., S. 23° W. 9 
Rt. Tang. Sisters, S. 55° W. ’ 
D. 5717 | Mare Id. Lt., N. 64° E....... 5533 |~..do..... 2.05 p.m. Mira eee ns dO. sk ashe , 
H. 5021 | Pt. Pinole, S. 77° E. 63 4 
Brothers Lt., S. 29° W. 4 
Middle section of bay. 7 
DES 718) | | Quarkyetasesseeaes ates 5532 | Feb. 28 | 3.19 p.m. 7h | (BY o Me ac eccoemeee 3 
H. 5022 | Chauncey Pt., N:. 573° W...- 9 
Southampton Lt., N. 76° E. 
Upper section of bay. 7 
D. 5719 | Pinole Pt., 8. 52° E.......... 5533 | Mar. 1] 10.45a. m. 63 | DE cco ee + 
H. 5023 | Mare Id. Lt., N. 66° E. 6 
Brothers Lt., S. 30° W. 
D. 5720 | Lit. Tang. Crockett Whf., GERSBy Obes. 1.13 p.m 143 | sft. M.,m.S....... 
H. 5024 S. 68° E. 11 
ae Tang. Selby Whf., S. 74° 
Carquinez Lt., N. 57° W. 
D. 5721 | Carquinez Lt., N. 41° E..... 6533/i|5=-dO.---e 1.49 p.m Sk | Ms iS., Steet see ‘ 
H.5025 | Mare Id. Lt., N. 32° W. 8 
tt. ane. Crockett Whf., S. 
D. 5722 | Carquinez Lt., N. 74° E..... 5533 |...do..... 2.44 p.m 5} | M., Sh..........-- 
H.5026 | Lit. Tang. Selby Whf., E. 42 
Lone Tree Pt., S. 42° E. 
Lower section of bay. 
D. 5723 | Rt. Tang. Mission Rk., N. 5531 | Mar. 6 | 10.09 a. m. 94. | bk: M., Sh---2-s-2 
H. 5027 81° W. il 
Goat Id. Lt., N.1° E. 
Ferry Bldg., N. 46° W. 
D. 5724 | Goat Id. Lt., N. 204° W..... 5531 |...do..... 1.21 p.m 82 | sft. M.,Sh.....2.-- 
H.5028 | Rt. one Mission Rk., N. 94 
53° W. 
Shag Rk., S. 45° W. 
D. 5725 | Goat Id. Lt., N. 214° W..... 5531 |...do..... 1.50 p.m 73.| sit. M2 
H. 5029 | Shag Rk., S. 61° W. 7 
San Bruno Lt., S. 20° W. 
157265) SHAGURKS Wits eebecace cess 5531 | Mar. 8 | 10.38 a. m. 62 | bk. S., Micseeeeeeee 
H.5030 | Goat Id. Lt., N.17° W. 74 | 
San Bruno Lt., S. 234° W | 
D.5727, | Shag Rk... N. 63° Weea-c.---- 5531 |..-do-..... 12.40 p.m. 6} | stk. DK. M..-eccce 
H.5031 | Goat Id. Lt., N. 13° W. 5k | 
San Bruno Lt., S. 27° W. 
D. 5728 | Shag Rk., N. 36° W......... 5531 |...do..... 1.19 p.m 5» | 8., bk, Mo Shesccee 
H. 5032 | Candlestick Pt., N. 57° W 5 
San Bruno Lt., S. 274° W 
D. 5729 | Shag Rk., N. 284° W........ Dosla!..dO:aaae 2.37 p.m 3 bk. M.S Shice. cose | 
H. 5033 | Candlestick Pt., N. 43° W 4 | 
San Bruno Lt., S. 59° W. 
D. 5730 | Shag Rk., N. 264° W........ 6531 |...do..... 3.11 p.m. 6.) bE. Miigeesee seme } 
H. 5034 | San Bruno Lt., 8. 77° W. 5} 


DREDGING AND HYDROGRAPHIC RECORDS. 27 


Francisco Bay, Cauir., 1912-13, anp Marcu, 1914—Continued. 


Temperature. Salinity. Trial. Drift. 
Apparatus $ Remarks. 
¥ & | surf. | Botm. Depth. | BUTS) Direction. 8 
eq S ion. a2} 
s]a = a 
el? oS BRS Min. Mi. 
53. 5/52. 83/52.93 | 28.28 | 28.25 | Tnr. ese.; Sigs. | Surfand 7 | Against |..... Ebb. 
bot.; 4’ inter.; botm. tide. 
#12, #20. ; 

54. 5152. 33/52. 73 | 28.38 | 28.33 |..... (3 (oy See earn ae, ae? dose Sin ees er te. eo. Do. 

ol ACL 1) aia a A eR | Pe 5’ Tnr.; 19’’ dr.| botm... 18 7 eee oe 0.8 | Ebb. 

2 Nt) es i ee 6) Dnr.s 19'dr-|"botm:. =| 154 |) 199°s22 2% 1.0 | Ebb. 

opp AGU 1) BS Bee Coca Pra 1s cee eee |e dos ie p27) es 1.0 Do. 

io) 1 STAC) ee Ee eo ee Reger dove ssescaloes GoOzsee|') 13) 224752 228 1.0 Do. 

(Ses OT ee ee ee a Bb Tar 19idriibotmas|; 22) | 124° 22... -9| Ebb. Quantities of 
worm tubes and 
ophuurians. 

Bae, 71) Eis 2 ER | Be 6! Tnr.319/"dr:|botms =|! 20 |) 44°....5..- yf Fie Boat dr. net 
ost. 

Da Pipl sooee| esc. | Se ee & Tnr:;’m..b.-.|---do...2 W258 eee es .4 1 Ebb. 

| Or ee SoA germ ahs se| eed ousea|)  2eee| Lon pee eae 1.0 Do. 

UN | ee a a ee G05 23-6 ..die= Goss) 25% | 245°. 22 1.0 Do. 

7 OGTR | | Pa a Pe 5’ Tnr.; m.b...| botm.. B Til fies b-} HA Se .3| Flood. Abundant 
ophiurians. 

Pa IDOS OO cs = 2) <oa to cla2 san< 5 Ue Ay Heim vs Yao ees ees (2 ae 10) | 72% -- 25... 4 | Flood. 

TG eee tees e pe inrs \ i. Dee alae d0cc. £4 Boke ets 4 Do. 

ThA EG S| | 9D Ag. m: bac sles 00.2.2 tly (ol bcs: hee ea .3 | Ebb. 

ae TE cathe ASI SE? | ip | eyes GOins wtassee d]ees do... T5t i) 1649250335. 7 | Flood 

‘ee eee eae Aaa 6° Tore). D..<}gen do.. SO AG2e sc e-3'<:s ar! Do. 

OL MET Seal 2s eel Pee OF Ag N.D...<| senses 13 TO aseiad ane 6 Do. 

| 
64.5 52.00)..... aewan sel a5 sSnael oe'e'vs a Eee Cee ee do.. EA AUr s ccncea 5 Do. 


28 U. S. BUREAU OF FISHERIES. 


DREDGING AND HyproGrRAPHIC RECORDS SECURED IN SAN 


Station 


num- Position. Chart. Date. wae Depth. Chae of 
Outside Golden Gate. 
GAS: 1912. : 
D573) || MiletRike et) N70 eee. ee 5532 | Mar. 11] 9.47a.m.|fms.16 | crs. S., P., Sh..... 
H. 5035 | Bonita Pt. Lt., N. 9° E. fms. 9% , 
Lime Pt. Lt., N. 49° EB. 
D. 5732 | Mile Rk. Lt., N. 75° E....... 5682) |\42-d0:25. 10:31. a) m.)|\fansslign) crs: Ss (Gees eens 
H.5036 | Bonita Pt. Lt., N. 37° E. fms. 94 
Lime Pt. Lt., N. 564° E. 
D. 5733 | Bonita Pt. Lt., N. 46° E..... 532 |peed Ose 11.06 a. m.| fms.9 | fne. dk. S......... 
H.5037 | Lime Pt. Lt., N. 58° E. fms. 8 
Mile Rk. Lt., N. 72° E. 
D. 5734 | Bonita Pt. Lt., N. 67° E..-.. B0a2))|se2dO-n bes 12.40 p.m. | fms. 7} | fne. gy. S....-..... 
H.5038 | Lime Pt. Lt., N. 71° E. fms. 94 
Mile Rk. Lt., N. 87° E. 
D. 5735 | Bonita Pt. Lt., N. 67° E..... 5632). -doe-eo. 1.27 p.m.|| fms: 97 | --4 doz -a-- a-ha 
H.5039 | Lime Pt. Lt., N. 71° E. fms.10 
Mile Rk. Lt., E. 
D. 5736 | Bonita Pt. Lt., N. 67° E..... 5532) a2-dO-cs-6 2.11 p.m. | fms, 9% |..--- do... .9-een ee 
H.5040 | Lime Pt. Lt., N. 72° E. {ms.10 
Mile Rk, Lt., S. 854° E. 
D.5737 | Bonita Pt. Lt., N. 634° Woe 5532 |...do..... 2.46 p.m. | fms.103 |....- do: 5.35. 2a 
H.5041 | Fort Pt. Lt., N. 81° B. 7ms.13 
Mile Rk. Lt., S. 83° E. 
Middle section of bay. 
D. 5738 | Mile Rk. Lt., S. 33° W....-.-. 5532 | Mar. 13 | 9.30a. m.| fms.60 | R.,sh.S.........- 
H.5042 | Bonita Lt., S. 87° W. Jms.23 : 
Lime Pt. Lt.,N.47°E. 
D. 5739 | Alcatraz Lt., S. 244° W...... 5532)|4esdO-cene 10.56\a. m- | fms:18, || 8.) Soo eeneee ae 
H.5043 | Southampton Lt., N. 9° E. fms.22 
Blunt Pt., S. 714° W. 
D.5740 | Alcatraz Lt., S. 69° W....... 5532 |...do..... 1.21 p.m.| fms.7 | fme gy. S., gy. 
H. 5044 | Rt. Tang. Angelld.,N.33° W.|, fms, 52 gn. M. 
Rt. Tang. Goat Id.,8.354° E. 
D. 5741 | Belvedere Pt. ,S.52° W...... 5532 | Mar. 18 | 9.34. m. | fms.193 | crs. gy.S.,Sh., St-. 
H.5045 | Lft. Tang. AngellId.,S.85° E. fms.18 
Rt. Tang. Bluff Pt., N.10°E. 
D. 5742 | Belvedere Pt.,S.55° W...... 5532 44.0... 22 10.02 a. m. | fms.20$") crs.gy.S.,Sh., St., 
H. 5046 | Rt. Tang. Bluff Pt., N.30° W. fms.20 bk. M. 
Lft. Tang. Angel Id., N. 
524° W. 
D.5743 | Alcatraz Lt., S. 754° W...... 6032/5 .doeee 10:50) a.m2))\ fme-10) 5) cS eee 
H.5047 | Southampton Lt., N. 2° W. fms.15 
Rt. Tang. Goat Id., S. 42° E. 
D.5744 | Alcatraz Lt., S. 82° W......- 5532) |. .-do..:.. 1.23ip.ms fms. (54) Ss. Mecoeaseeeeeeee 
H.5048 | Southampton Lt., N.30°W. fms. 5 
Rt.Tang.GoatId.S.153°W. 
D.5745 ; Alcatraz Lt.,N.75° W...... 5032';....d0-..-- 3.12 p.m. | fms.144 | gy. S., blk. M., Sh. 
H.5049 } Southampton Lt., N.11° W. Fms.124 
Lit. Tang. Goat Id., 5.80° ER. 
D.5746 | Belvedere Pt., N. 84° W..... 5532 |...do.-.-.. 4.09 p.m.| fms.18 | gy.S., P., Sh., M.. 
H.5050 | AngelTd. Lt., S. 56° E. fms.18 
me Tang. AngelId., N. 593° 
D.5747 | Southampton Lt. to Rt. 55382'] Mar. 19 | 9.52a.m.] ft, 4 | dk. stk. M..-:...) 
H.5051| Tang. Red Rk., 74° 39’. fms. 5 
Rt. Tang. Red Rk. to Broth- ; 
ers Lt., 53° 39’. 
D.5748 | Tang. Pt. Chauncey to Rt. $582. 220 02-2. - 10;S4iae mis fi 2 ah ee dora eeeeee 
H.5052 | Tang. Red Rk., 64° 40’. fms. 5 
Rt. Tang. Red Rk. to Broth- 
ers Lt., 27° 27’. 
D.5749 | California Pt. to Rt. Tang. §532'|...do..-.. 11.13a.m.| ft. 5 | dk. stk. M., Sh.... 
H. 5053 Red Rk., 50° 29’. fms. 5 
Rt. Tang. Red Rk. to Pt. 
San Pedro, 55° 43’. 
Seren os SAUSAUTOL ce ssinsiceseenes ete wiatinicaerereterta | eee Gon eal coe eke seccleceetehnclackeseceeetee = === 
D.5750 | Lift. Tang. Red Rk. to Broth- 6582'] Mar. 20") 10.12'acme Je 6.) io ce cee ceeeeeeee 
H, 5054 ers Lt., 46° 32’. fms. 5 


Brothers Lt. to Lft. Tang. 
Sisters, 29° 54’, 


ee ee ee 


DREDGING AND HYDROGRAPHIC RECORDS, 29 


Franeisco Bay, Cauir., 1912-13, Anp Marcu, 1914—Continued. 


Temperature. Salinity. Trial. Drift. 
Apparatus. § Remarks. 
Surf. | Botm. Depth. | Dura-} Direction. E 
tion. a 
(=) 
i : Min. Mi. 
AUN) ARGS Eee Or) Ree 9 Ag.;m.b...)Surf. LOR eRe a. .e - 5 0.8 | Ebb. 
: and 
botm. 
aed PASE Ree Assess O Apo? dr-.i2..G0:..- tly a9 (0°72: Ea oe 8 Do 
[cool Ree a PERE 9 Ag.; m.b do BO apres sli de O Do 
== PRB aod BSR ReH RES (ee Soe bceto (ry 1S) Ole se 8 | Flood. 
Be me beats oe mom telatraae CO soe tee cde (sen dOr= 14) ORFs See 6 Do 
Sa caweletaat oleate ak aulis cn: GOSsese. oe] 22200: TSE 6Se ORE ae iB Do 
wee eeeltat sass tees focloeact dese. 2... 234do 20 | 7Outeos. cll 8 Do 
serene oeaaee | bare cee 9 Ag.;m.b...}] Surf 9) 1) 228%H re Soc. 8a] Ebb 
an 
botm 
“Bee Weep see) Poeee = EGa0 by oh Gay 0 Oy] Smee Peer Us 15) MUS eee cena Do. 
LEE POE een Cees 4 Se doses see |ee-do DON WG See a ee Do 
SEAR PoE eee PEen 9’ Ag.; m.b do 4 | 26ne 2. S2 |. 4 lood: 
Sawaal Pacatess|abonnpt (aos sic Cl Se eed meets (e) 1 te ae Oe Do 
aS SS AINE 3 1 Bed pears dots s222::4|25-dox 6 | 1504°......| .4]| Flood. Large quan- 
tity living worms, 
molluses, and brit- 
tle stars. Bridle- 
stops parted. 
“Set 5d | eae eed epee a Beso 03 Co ee fois (nk 15 P2889 «22. eso ee bie Guantities of 
worm tubes. 
ESSN EO Oe 8 (ita ie tre AN) ahve Ce The fees g Ca Gis Do. 
A Eel hs See eps pe eee Gos. .5-2-,-)24do 9) | \22EI SEs Oey 0 Do 
32 3.5541| Bes Se eee 6¢ Pnrs19'" dre do. y CBD ees bic-7 (al es Corer | 
Eee nee ae el eee rs Co PO pes el aot ko) Z OS aee A 25 Do. 
EE PEAS SS eee Pees O0r--4.- 2. seeao PSEA 29 RRA ae ew & Do 
144 
ene cel eybte Se] ARB AB RS I |e er eres bo? peel eco bee a ne Free Material _ collected 
from piles of Ferry 
Bldg. 
oe eel | ah | ES Se G02. .4; .... |) DObD. BSP 7Oces.. . =. .|), eee 
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Station 
num- 
ber. 


D.5751 
H. 5055 


U. S. BUREAU OF FISHERIES. 


DREDGING AND HyproGRAPHIC RECORDS SECURED IN SAN 


Ane Time of Character of 
Position. Chart. Date. day. Depth. button! 
Middle section of bay—Con. 
C. 8. 1912. 
San Quentin Pt. to Lft. 5532) Mar. (20) | 19 18;am..| fe T4225. sssecseeeeeeeeee 
Tang. Red Rk., 60° 42’. fms. 5 
Lft. Tang. Red Rk. to Broth- 
ers Lt., 47° 23’. 
U pper section of bay. 
Lft. Tang. Marin Id. to Lft. 5532 | Mar. 20} 1.03p.m.|/fé 5 | bn.-gy. M......... 
Tang. Red Rk., 49° 00’. fms. 54 
Lft. Tang. Red Rk. to Lft. 
Tang.San Pablo Pt.,37° 02’. 
Middle section of bay. 
Rt. Tang. Sister to Lft. Tang. 5532) | Mar. 20)] 1.54>p.m. | f¢. 6° |bni-vyaiMieeeeeeeee 
San Quentin Pt., 73° 30’. fms. 5 
Lift. Tang. San Quentin Pt. 
to California Pt. 33° 48’. 
Southampton Lt. to Alcatraz 5532 | Mar. 25 | 10.164. m. | fms. 44 | bn. M....2..--.-2- 
Lt., 92° 56’. ft. 34 
Alcatraz Lt. to Rt. Tang. 
Goat Id., 60° 23’. | 
Southampton Lt. to Aleatraz DOs2T Peed Oseeee 1:34 a. mi: | fms. 3%) | mse, Sbee-esee ase 
Wt nTSese ft. 6 
Alcatraz Lt. to Ferry Bldg., 
62° 09’. 
Brothers Lt. to Lit. Tang. 5532 | Mar. 26 | 10.134. m. | fms. 44 | gy. M..-.._.-....- 
San Quentin Pt., 64° 38’. fms 
Lit. Tang. San Quentin Pt. 
to Bluff Pt., 78° 44’. 
U pper section of bay. 
Rt. Sister Id. to Lit. Tang. 5582 | Mar. 26) 11.08a.m.|fms.4 | m.S.....2...--.2. 
Marin Id., 66° 56’. ft. 4& 
Lit. Tang. Marin Id. to 
Brothers Lt., 38° 03’. 
Brothers Lt., 236°, 0.33 mile. . 5532) |...do..-.- 1.07 p.m Hse PY. Mas=5 5. -eseeee 
End of brickworks pier, indi- 5533 | Apr. 1 | 12.45 p.m fms. 4 | dk. gy. stk. M..... 
cated on chart. fms. 34 ; 
Pt. Edith Beacon, 84°, 1.65 5534 | Apr: 2)| 9.06 a@.m:)|\/ms. 2h) S.pMieese ose seeeee 
miles. fies 
Pt. Edith Beacon, 230°, 0.4 5534 |...do..... 9.55.a.m.s| fms. 3 | MAS soe eee 
mile. fms. 5 
Middle section of bay. 
Began 25 yds. off Pt. Stuart 5532) PAE Est| See eeee fms. 34) Roo sash eee ee 
and along shore at dis- Jms. 3} 
tances of from 20-50 yds.; 
erane south side of Angel 
See chart. Stood up Rac- 5532s 2dOssese| a cacesaaneee jms.2 | EG 
coon St. at distances of ms. 54 


from 25-50 yds. from shore. 


DREDGING AND HYDROGRAPHIC RECORDS. 


Francisco Bay, Caurr., 1912-13, anp Marcu, 1914—Continued. 


Temperature. Salinity. Trial. 
: Apparatus. m 
s ¥ i: Surf. | Botm. Depth. | ‘tion 
dia [22] 
a ai Min. 
ee GMCOO cn cabled bb leas. 35% 3’ Tnr.; 19’ dr.| botm... 7 
BD Wine en ess lacedacalacs eas 3°"Tnr.> 19’? dr-| bow: . - 4 
Se Mit OU onc -lenedas alanqases 3’ Tnr.; 19’ dr.| botm... 1 
2 
re) SUNG) pesos SAE) RRS ee ey oe eae GOtere cee lees do... 6 
7 
BOS GIDOS OO)... cae lines onic] - 520d spon ome vi eee Sepa [oa do. 47 
164 
[ipo RCT) tees al Lipa ESP Pacers Daa GOs Speen ae bee do. 7 
of 
POISISOO | cate kc coed. 3’ Tnr.; 19’ dr.| botm... 12 
Dam DasNNeces a clesces ce sce et ]occ 3.0 GOs-chees eel ae do. 21 
é 10 
P| ESE) EASE kee a (| ee (1 Coe sea Lt do. 110 
PT CEA EE ae Se el eee Peers C3 Cas eee ee [ae do. 10 
10 
Tel ED 0h Be ie ee Sa eee Peer ca pas See Li do. 45 
19 
“5 UR Se Gases eee Bae 3 Dnyr.s 19" dr.) bow. .|-.-.-. - 
neal tS AE OS [Sie a Pee eel ee (3 Ca ey Age ey (SECs Cae Be So 
@ For 0.9 mile, 
51700°—21 10 


Drift. 
8 
Direction. 8 
4 
fa) 
Mi. 
1208 is RS 0.6 
10 oe 2 
OOF a acSo0i% ni 
UH [ree = 3.4 
382% . and 1.0 
17 pacer .6 
DOS shee eae 6 
Oo Renee 7 
1b Nt 7 
SoD FD ore eye 
Oe. sae fed 
1 eee ea 1.4 
130 CE sea ses 8 
Ae Sais Se 5 
> For 1.8 mile, 
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Remarks. 
Flood. 
Flood. 
Flood. 
Ebb. Operations 
conducted from 
launch. 
Flood. Operations 
conducted from 
launch, 
Ebb. Operations 
conducted from 
launch, 


Ebb. Operations 
conducted from 
launch. 


Do. 


Flood. Operations 
conducted from 
launch, 

Flood andebb, Op- 
erations conducted 
through change of 
Mi from launch. 

0. 


Hauled twice on run, 
but before third 
haul, dr. was lost 
with 20 fms. line. 
Flood. Operations 
conducted from 
launch. 

Ebb and flood. Op- 
erations conducted 
through change of 
tide from launch. 
Places dredged are 
indicated on chart 
by black line. En- 
tire run is_indi- 
cated by dotted 
line. Dr. down 
twice on this run, 
then ran over in 
same direction. 
Dredged off sand 
beaches in only 
two places, 
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U. S. BUREAU OF FISHERIES, 


DREDGING AND HyproGcrapuic Recorps 'SecurED IN SAN 


Position. 


D.5764 
H. 5068 


D.5765 
H. 5069 


D.5766 
H.5070 


D.5767 
H.5071 


D.5768 
H. 5072 


D.5769 


D.5770 
H. 5073 


D.5771 
H. 5074 


D.5772 
H. 5075 
D.5773 
H. 5076 
D.5774 
H. 5077 


D.5775 
H. 5078 


D.5776 
H.5079 
D.5777 
H. 5080 


D.5778 
H. 5081 


Middle section of bay—Con. 
Pt. Campbell, 287°, 0.8 mile.. 


Pt. Blunt, 84°, 120 yds....... 


Lower section of bay. 


In Alameda Channel, 3.87 
miles from end of piers. 


oe aa Lt., Ferry Bldg., 
ett oS , Hunter’s Pt., 
Goat Id. Lt., Ferry Bldg., 
22° 48’, 
Ferry Bldg., Pt. Avisadero, 
75° 22’, 
Middle section of bay. 
Fort Pt. Lt., 193°, 0.8 mile. - 


Bonita Pt. Lt., 
mile. 


1993°, 0.25 
Sausalito Pt., 1694°, 150 yds. . 


Belvedere Pt., 1233°, 0.7 mile. 
Yellow Bluff, 154°, 0.44 mile.. 
Lime Pt. Lt., 68°, 200 yds.... 


Pt. Cavallo, 263°, 25 yds..... 


Mile Rk. Lt., 276°, 1.12 miles. 
Fort Pt. Lt., 241°, 140 yds... 


Fort Pt. Lt., 288}°, 0.32 mile.. 


Chart. 


5532 |--- 


5532 


5532 


5532 |-. 


5532 


5532 |.-- 


Time of | Depth. Character of i 
Date. day. bottom. 
q 
1912 Fms. ¢ 
PATDTAIMS loti foes eae 42.|\ (RiGee ee ! 
; 24 
I 
: 
; 
} 
0 (oe ees SS 12 | Si iof2.6 ence . 
24 : 
Apr. 8] 1.03 p.m. a gy Meshes sees 
Apr. 9 | 10.44a.m. 3 | m. Sic 5 
1} 
ECLOve ee 1.25 p.m. 3} | hrdSheheee-esees 
1} 
Apr. 15 | 9.45 a.m. $i || Hrd SP. se oeeeeue 
3 
doles 10.37 a. m. 5) || Rs.c.ccceeeeeeeee 
74 
eido--s52 1.09 p.m. 3} | bni Mio Aclcaeeee 
Oh iis 
Goss. a. 2.57 p.m. i sit; M..22.ses3ee55 
a d02c-2 3.55 p.m. 34 R.; Stsccesaseoeses 
2 
Apr. 16 | 9.45 a.m. 44.|\ Gul Roscessenaaees 
43 
eedOsecee 10.45 a. m. q Ri icadceeeesmeeee 
Apr. 17 | 9.48 a.m. 3 ine. gy. Si; Re2.8 
Hdoreste 10.44 a. m. 34.) Rulgscccvo tenons 
23 
eed Onesie 11.00 a. m. 3 PY. |S.,S0eseceemems 


DREDGING AND HYDROGRAPHIC RECORDS. 33 


Francisco Bay, Cauir., 1912-13, anp Marcu, 1914—Continued. 


Temperature. Salinity. Trial. Drift. 
Apparatus. g Remarks. 
Botm Depth Dura-! pirection a 
i *| tion. 7 
W A 
Min. Mi. 
5 Sn Je 3’ Tur.; 19'’ dr.| botm...|.......| 159°.__._..|0.62 | Ebb and flood. Op- 


erations conducted 
through change of 
tide from launch. 
Ran down on NE. 
and E. shore of 
Angel Id., 25-50 
yds. offshore. Dr. 
down as indicated 
by black lines on 


chart. 
2p eae & Cal ee NTs Co es eae ee (6 Cope es Be QELS). exces .48 | Ebb and flood. Op- 
erations conducted 
through change of 
tide from launch. 
Ran along S. shore 


of Angel Id.; dr. 
down as indicated 
by black lines on 
chart. 
OVE (eS 2 RE ee a0 Fares 19%: drt bobms.-|--- os. . ORG Sees 3.87 | Flood. Operations 
conducted from 
launch. . 
pn) ee Sl A 2 ee oe [omer oss. Sessa Gorses|| 33) 1334725. ee 1.7 | Ebb. Operations 
284 conducted from 
launch. 
LAs) Le) ea) al (2 a SN Re JOMidrest Uaioe doszes|| 714" (44a aes Se 3.00 | Flood. Operations 
12 | 129}°.¢ conducted from 
9 | 241°.a launch; beam trawl 
lost in beginning. 
(RECS ee es ae 3’ Tnr.; 19’ dr.} botm... 63 | 172. oe .48 | Flood. Operations 
5 conducte from 
launch. Nobotm. 
: samples taken. _ 
(1075) FS ACY [Ep Se a CS (eae a (me GOs asf (3 (SSE tT Ok Bre 1.2 | Ebb. Along N. side 
Golden Gate. 
Both drs. caught 
frequently. Run 
with 3’ Tnr. over 
, same ground May 
8, 1912. 
60 |54.00)......]/.. 9 ea (ee GGsen se eelinoe Gorcs-l, b4e NS1soee- see 1.45 | Ebb. Operations 
264 conducted from 
launch. 
57 pa -0 354 Set na BRP ReE | eee (ees Saeeee! |e Goss s-1) 204 128224 cae ar Do. 
94 
57 58.00) Sooo Pee al ee eae dal eae (ope Se se eel do! -u: ss 148 opts. .38 Do. 
4 
SDSS] Rt (UP gence tue alee dante! 16) 264°. ane .6 | Flood. Operations 
16 conducted from 
launch. Stones 
covered with bar- 
| nacles and bryo- 
zoas. 
oS A Oe eet) apap GOe st 35 224]h ae (69 ee el gee (Oy 1? ae ee .25 | Flood. Creations 
7 conducted, from 
| | launch. 
57 rey iA bees Fog here we eat re Ca ae See eel Goss] 20) | 26340= 3 82] 87 Do. 
16 
me 156.00)....-.|....... eo Lhe eR Fe Mi Rept pA Bee | Be Wie 29 Do. 
| | a 
62 55.00)... J. | pe dente les do....| 224 | 94°....... 63 Do. 
| 


a4 For 1 mile. 


34 


U. S. BUREAU OF FISHERIES, 


DREDGING AND HypDROGRAPHIC RECORDS SECURED IN SAN | 


Station 
num- 
ber. 


H. 5089 


H. 5090 


H. 5091 


H.. 5092 


H. 5093 


H. 5094 


H..5095 


H. 5096 


H..5097 


H. 5098 


H.5099 


H.5100 


Position. 


Upper section of bay. 


Brothers Lt., S. 134° E...... 
ae Tang. Marin Ids.,S8.51}° 


Lower section of bay. 


Ferry Bldg., N. 88° W....... 
Goat Id. Lt., N. 8° E. 
Pt. Avisadero, S. 5° E. 


Goat Id. Lt., N. 23° W...... 
Lft. Tang. Mission Rk., N. 
84° W 


Pt. Avisadero, S. 18° W. 


San Bruno Lt., N. 613° W. 
Shag Rk., N. 26° W. 


Middle section of bay. 


Alcatraz Lt., S. 51° E........ 
Lime Pt. Lt., S. 524° W. 
Angel Id. Lt., N. 224° E. 


Alcatraz Lt., S. 284° W...... 
Pt. Blunt, N. 61° W. 
Southampton Lt., N. 10° E. 


Alcatraz Lt., S. 174° W...... 
Rt. Tang. Angel Id.,N.63° W. 
Southampton Lt., N. 20° E. 


Southampton Lt., N. 64° E.. 
Rt. Tang. Angel Id.,S.73° W. 
Rt. Tang. Red Rk., N.11°W. 


Time of Character of 

Chart. Date. day. Depth. bottom. ; 
1912. ‘ms. 
5533 | Apr. 23 | 10.55 a.m. 144 | DE eee 
5533 |..-do..... 11.40 a. m. Gi leeches dO: .4-22. 42 eeee f 
5533 |..-d0:--- - 1.20 p.m 6) |baeee (Ao - 
5533 |..-do..... 1.55 p.m AP opts d0.esee eee aeee é 
Oded) a2 <d0sen.e 2.35 p.m 5 Wizoeee 0.23. == -2eaeee 
5533 |..-do.....| 3.10 p.m. 10) 2225 0... =5.5-205ceem 
5533 |..-do..... 3.40 p.m 145 |5.<2- (RS aoeee co. 
5531 | Apr. 26 | 10.03 a.m. 12°) Dk Sceseeeee eee : 
5531 |...do.....] 10.37 a. m. 93+) ‘sit. Ma: Se leee eee 
Dost eed Oneeee 11.16 a. m. OF 2.2 3-dOse-ce. eee 
5531 |..-do..... 11.47 a. m. 7 | Mic. 2eeeee eee 
db3L | 2. do... 12.52 p.m cP lle Baice RSS ro SH sa5 
5531 |...do..... 1.17 p.m | eee dOs4 02s 
S081! ||P o=dOsseae 1.40 p.m 43 |....- Glo Sasa 55. 
5531 ;..-do0..... 2.10 p.m Gy [eeeee GOse! scene 
5532 | Apr. 29 | 12.59 p.m. 10> +|sird!Saeecmee eee 
5532 |...d9..... 1.48 p.m. 23%) |taeee 055250535 
5532 |...d0..... 2.15 p.m 1G. eee dO; Saha eee 
5532 |...d0....- 2.39 p.m 7% | M. ..:.25ceess eee 


DREDGING AND HYDROGRAPHIC RECORDS. 


Francisco Bay, Cauir., 1912-13, AND Marcu, 1914—Continued. 


Temperature. 


2A ae Al ee 
58 55.73/53. 96 


60 |55. 43/54. 81 
61. 5)56. 23/55. 76 
59. 5/56, 23/55. 96 
56. 5/56. na 
56 56. 03/55. 91 


59 56. 23/55. 91 


54 [55. 33/52. 86 
54, 5)54. 63/53. 71 


55. 73)54. 81 
55.73/55. 36 
55. 73/56. 86 
57. 53)57.01 
57. 23/57. 01 


57.53/57. 11 


52. 03/51. 81 


53. 23/51. 86 


53. 73/52. 01 


Salinity. Trial. 
Apparatus 
Surf. | Botm. Depth. ae Direction. 
| Min. 
13.83 | 22.68 | Tnr. ese.; Ek.| surf. 10 | Against 
bot.;4’inter.;; and tide. 
#12, #20; Ek. botm. 
smp.; Pr. m. 
LC ly | a ee tee 2 ity See re ¢ does 10 2 (1 ee 
BSH.) Use CL, Saas e wdosee 9 Wee cdoaet 5 
eawend S00 Se Gos. 3... 218. dovess| 10> |e sdoxs.3.= 
7 Ee Ae ae ke ee GOvsctaceos G0s<.| p10) 5|eedGeessss= 
Sao Ole ee. ss Goseseese Ui <tedosecl| “20 Ones Saas 
geo) SOs <5. GOSs. 2 ccsac 005-2 10 <0 feces. 
25.85 | 29.06 | Tnr. cse.: Ek.| surf 10 | Against 
bot.; 4’ inter.;; and tide. 
#12, #20; Ek botm 
smp.; Pr.m 
26.55: |) 27.79 |ucece (ch. 2 Se es Goze 9) Nee.GOs-.ce-- 
262026539) e2.c. GOFt «soon | Nee doses) | 12) iedos wee. 
7) | ee Pe (ile ang aoe dos-ce $ Wee-dOs..-e -- 
eee ates FIO | enaeOn eas aeee|=se00se5 12 e dOs=5.< = 
27 ATi 27-08 ea-< Gosrne.6 -- does do... UR ee doses + 
076 Peers 4 Beece BOW scsses'acleen do. Gi 2d0- 4... -- 
26.87 | 27.31 j- 2-5 GO se ceececo| ane do. IG" ecdOssasclse 
31.36 | 31.61 | Tnr. cse.; Ek. | surf 12} Against 
bot.;4’inter.;; and tide. 
#12, #20; Ek. otm 
smp.; Pr.m 
30.02 | 31.16 |..... Ot ee AG le ee 13) 35-004. 2) 
29.95 | 30.79 |..... ee 2 9 | S20 br eae 
28.56 | 29.56 |..... CC RES ree ..-do. 2.4 RS be ae 


54. 23/52. 86 


35 


Drift. 


Remarks. 


3.03 knots per 


2.09 knots per 
0.97 knot per 

0.52 knot per 
0.82 knot per 
ee, 0.57 knot per 


eo 0.68 knot per 
nm 


Ebb, 1.96 knots per 
hr. Cable out 8 
fms. 


Ebb, 1.91 knots per 
hr. Cable out 7 
fms. 


Ebb, 2.23 knots per 
BE Cable out 8 


ms. 
Ebb. Cable out 5 
fms. 


Ebb, 1.46 knots per 


hr. Cable out 3 
fms. 

Ebb, 1.42 knots per 
hr. Cable out 3 
fms. 

Ebb, 1.59 knots per 
hr. Cable out 3 


fms. 
-| Ebb, 1.58 knots per 


hr. Cable out 34 
fms. 


Ebb, 0.54 knot per 
hr. Cable out 28 
fms. Botm. too 
hard for penetra- 
tion by sampler; 
no botm. sample 
taken. Net towed 
for 5 min. 

Ebb, 0.79 knot per 
hr. Cable out 20 
fms. Botm. too 
hard; no sample 
taken. 

Ebb, 1.89 knots per 
hr. Cable out 13 
fms. Botm. oo 
hard; no sample 
taken. 

Ebb, 1.76 knots per 
hr.; 2.23 knots at 
3.15 p. m. Cable 
out 44 fms. 
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Station 
num- 
ber. 


H.5105 


H. 5106 
H.5107 
H.5108 


H. 5109 


H.5110 


H.5111 


P..5112 
H. 5113 


H.5114 
H.5115 
H. 5116 
H..5117 
H. 5118 


H. 5119 


-H. 5120 


U. S. BUREAU OF FISHERIES, 


DREDGING AND HyproGRAPuic Recorps SECURED IN SAN 


Position. 


Middle section of bay—Con. 


Rt. Tang. Red Rk., N.53° W. 
on Tang. Bluff Pt., S. 474° 


Southampton Lt., S. 69° E. 
Rt. Tang. Red Rk., N. 8° E. 
Lift. Tang. Bluff Pt.,S.8° W. 
Southampton Lt.,S. 50° E. 
Rt. Tang. Red Rk.,S.534°E. 
Southampton Lt.,S. 51° E. 
Brothers Lt., N. 16° E. 

Rt. Tang. Red Rk., S. 62° BE. 
Brothers Lt., N. 28° E. 
Southampton Lt., 8. 364° E. 


Upper section of bay. 


Brothers Lt., S. 4° E........ 
ee Tang. Marin Ids.,S. 594° 


Rt. Tang. Sisters, N. 274° W. 
Brothers Lt., S. 22° W:...... 
Rt. Tang. Sisters, S. 624° W. 
Pt. Pinole, N. 714° E. 


Mare Id. Lt., N. 44° W...... 
Carquinez Lt., N. 40° E. 
Crockett Whf., S. 71° E. 
Mare Id. Lt., N. 63° W...... 
Selby Whf., 8. 69° W. 
Crockett Whf., S. 673° E. 


Lower section of bay. 


Goat Id. Lt., N. 194° E...... 
Ferry Bldg., N. 68° W. 
Pt. Avisadero, S. 114° E. 


Shag Rk., N. 38° W. 

No. 2 Beacon, 8. 28° E. 

Shag Rk., N.31° W......... 
No. 2 Beacon, 8. 303° E. 

San Bruno Lt., 8. 69° W. 
No. 2. Beacon, S. 30° E...... 
Shag Rk., N. 32° W. 

San Bruno Lt., N. 88° W. 
No. 2 Beacon, 8. 364° E...... 
San Bruno Lt., N. 63° W. 
Shag Rk., N. 28° W. 


Middle section of bay. 
Angel Id. Lt., N. 12° E...... 


Alcatraz Lt., S. 484° E. 
Lime Pt. Lt., S. 554° W. 


Chart. 


5533 


5533 |... 


5533 |... 


5533 |... 


5533 |... 


5533 |... 


5533 |... 


5531 


5531 


May 6 


9.49 a.m. 


9.38 a. m. 


11.09 a. m. 


Character of 
Depth. bottom. 
| 
Fms. 

12}. (MS. 28 SPS 
TH NOL d05.26 eee 
85) hrd. Mise 28 ake 
ae ees do. eee 

14 IM. Jes eee 
Aa FS GOsssaee ees 
GF | ceo Oe ae eee 
A lie eae dO: )s.5.05 2 eee 
ey al ee dO fe eat 
OF ee Ole eee eae eee 

1500) ee d0.2203: 4.8 

1434) Bi. Je ee 

10...) Mi bees eee eee 
Le dal Se (6 (A Sees Ser 
ae Sas = dO; 23s .5 eee 
Tn) dOs.0 2. Set ee 
ay oa eS dO.25 ie Sache 
es) Be (0 Ce rhe 
cr ae at CO ee 5 

113°] hhvdiccess. coun ees 


p> pi Oe ag be ee 3 


~~ 


he ae ae RO gir re oer 


DREDGING AND HYDROGRAPHIC RECORDS, 37 


Francisco Bay, Cauir., 1912-13, AnD Marcu, 1914—Continued. 


Temperature. Salinity. Trial. Drift. 
: Apparatus. g Remarks. 
a6: E Botm. Depth. rein Direction. 3 

a}/a}a ra) 

ee rorkes |i Ps Min. Mi. 

53 |54. 23/52. 81 29.89 | Tnr. ese.; Ek. | surf. 13 | Against |..... | Ebb, 2.36 knots per 

pot.; 4’ inter and tide. hr. Cable out 10 
#12, $20; botm. fms. 
smp.; 

54 (54. 83/53. 81 27348) | oes Oath oe ameialieee do... UE C0 Ce Betis ae hte Ebb, 2.49 knots per 
hr. Cable out 5 
fms. 

54. 5/55. 53/54. 11 26.39 js... Dl Saanedl boc do.... 7 lee d0 ee .|.....| Ebb, 2.41 knots per 
hr. Cable out 53 
fms. 

55 155. 53/55. 26 23564 | aon GE pagSHennoc) Cod dows 10) |-ecOO sera leeeoe Ebb, 2.14 knots per 
hr. Cable out 7 
fms. 

57. 5/55. 62/54. 86 23.29 | Tnr. cse.; Ek. | surf. 10 | Against |..... Flood, 2.05 knots per 

bot.; 4’ inter.;} and tide. hr. Cable out 11 
#12, #20; Pr. botm. fms. 

. m. 

58 55.63/55. 01 22.08 |ncee 6 PR darood bos do. 10} --do rae. 3-220 Flood, 2.52 knots per 
hr. Cable out 8 
fms. 

57 |56.03|55..06 PEE) ae GOs. satieeina lee do:=.- Lay lEeedocascesiecses Flood, 2.47 knots per 
hr. Cable out 7 
fms. 

57. 5|56.02)55. 91 ay Cy? 3 Bee Che eceesosd bod do.... A B50 Ce ae sc eas ae Flood, 1.71 knots per 
hr. Cable out 3} 
fms. 

58. 5/56. 93/56. 56 14.00 |..... COs es stecs|cee do_=.: UC sete es Sel ese Flood, 1.64 knots per 
hr. (at surf.), 1.37 

er hr. (at botm.). 
Cable out 4 fms. 

59 |56. 72/56. 81 14.29) |e dos.224 Jeclaedoee 7 |utsdOsew-e- (Sasa Flood, 1.10 knots per 
hr. Cable out 7 
fms. 

59 (57.63/56. 96 13.30) | an G ERE sod oe do.... 13) |secOOs sass | eae Flood, 0.88 knot per 

: hr. Cable out 10 
fms. 

55/54. 73/54. 71 27.89 | Tnr. cse.; Ek. | surf. 14| Against |..... Flood, 2.90 knots per 

bot.;4’ inter ;} and tide. hr. Cable out 12to 
. #12, #20; Pr. botm., 14 fms. 
m. 

55 |54. 93/54. 86 27585) | om oe GOs eccnst es dots 1G | secO Snecma nee Flood, 1.59 knots per 
hr. Cable out 8 
fms. 

57 |55. 53/55. 56 fe kt) | eae G0s2 se cces | do... IN| Ps Ce Sl tian 's Flood, 2.41 knots per 
hr. Cable out 7 
fms. 

58 55.73/55. 86 WeOLt| Gace GINS Beabacc, si do... VA ers 0 Re ae Flood, 1.64 knots per 
hr. Cable out 5 
fms. 

58 56. 53/56. 76 7A) | es Oz: Sam.cae| see do... Le sd0ces sat |ne se Flood, 0.85 knot pe 
hr. Cable out 3-2 
ms. 

58 57.63/57. 71 7A | Se eG Ce eee | c(i Le Bees TONE Goo alee: flood, 0.63 knot per 
hr. Cable out 3 
fms. 

56. 5|57. 63/57. 71 PAU) || G0; ..2:<ssluee o:s7: 12)).2 dose 2) .° os. Flood, 0.48 knot per 
hr. Cable out 3 
fms. 

55 |57.33/57.06 78352. .5 co Oe epee | Se do... 10} | 2.0: seb 3): see Do. 

57 |56.33'55.16 | 26.55 | 27.79 | Tnr. cse.; Ek. | surf. 30 | Against |..-... Flood, 0.54 knot per 

bot.;4’inter.;; and tide. hr. Cable out 9 
#12, #20; Pr. botm. {ms. 
m. 


88 U. S. BUREAU OF FISHERIES, 


DREDGING AND HyproGRapuic REcorDS SECURED IN SAN 


Station Time of 


num- Position. Chart. | Date. day. | Depth’ | Cheam 
ber. ; 


Middle section of bay—Con. 


H. 5121 } Alcatraz Lt., S. 254° W.....- ‘ 5532 | May "6 | 11.38 a. m. 24h hrd.“Mst. = a4 ee 
Blunt Pt., N. 54° W. 
Southampton Lt., N. 12° E. 

H. 5122 | Alcatraz Lt., S. 19° W......- 5b3Za|Pe-dOzeeee 12.29 p.m. 17 MS, een eee 
Rt. Tang. Angel Id.,8.47° W. 

H. 5123 | Southampton Lt., N. 70° E.. 5532 |...do.....| 12.59 p.m. 82") Me? bee 


Rt. Tang. Red Rk., N.12° W 
Rt. anes Angel Id., S. 65° W. 

H. 5124 | Rt. Tang. Red Rk., 'N.7° W.. 5532.\}9..d0-22--|| 126-p am. 14 
Lft. Tang. Bluff Pt.,S. ee W. 
Southampton Lt. i. 61° E 

H. 5125 | Rt. Tang. Red Rk. ,N. 83° EP: 5bo23|esed Ose 1.51 p.m. 7k | hrd 
Lft. Tang. Bluff Pt.,S.6° W. 
Southampton Lt., 849° E 

H. 5126 | Brothers Lt., N. j24° 1 ee 5532) |-2-doste2| | 2215 pim: 73 | hrd. M 
Rt. Tang. Red Rk., N.52° E. 
Southampton Lt., 6. oe 


H.5127 | Brothers Lt., N. 981° EB a eee: RGB) ||. 2 roo) 2.44 p.m. Loar (ee as CO Re RE Bn 
Rt. Tang. Red Rk. ,». 55° E 
Southampton Lt., 8.35°E 
D. 5779 | Alcatraz Lt., 51°, 1.83 miles. . 5532 | May §]| 9.36a.m. 4 gy. S., R.....--.-- 
Upper seciion of bay. 
D: 5780) | Pt. Pinole, S: 43° H.........- 5533 | May 13 | 12.40 p.m. BD) | ya M.S bese eeee 
Mare Id. Lt. ne 66° E. 1 
Brothers Tit. S. 324° W. 
Middle section of bay. 
H.5128 | Alcatraz Lt., S. 44° E........ 5532 | May 14 | 7.00a.m. 15: SES Se 43S oe 
Lime Pt. fist S. 64° W. 
Angel Id. Lt., SMIN «Os Wis 
SHEE (0 Loy) 2) Sed ee ee Aan bel ae 5532 |...do.. 7.55 a.m BES eee Amos 
eer Oe uo Sac Rete ase 5532 |...do.....| 8.554. m 15)“: tte ee eee 
aabies GO eee a neces oe B02 | see G O2ee e419. 55/8. 15) dacs bi See ee 
eee GO eee snc Sal MAAR? 5532 |...do.. 10.55 a. m 15 “es: 0 eee 
Saas GORE ya ee = Se ciate 5532 |..-do.....| 11.55 a.m WS. | acjacdivs eee 
5 Ses Gonet yess 33. 50k SOS 5532.|...do.....} 12.55 p.m 15: Vtesooh cee eee 
Sera COSRe sone Woes ote se 5532 GoOse-ee| ls Donp sa V5: | 30.4.2 eee 
siete Oe Nee ths Sk aa Be ie 5532 do.....| 2.55 p.m 1S le-ac.> be eee eeeeeeeee 
Shel As C6 Coe es See ere ar ee 5532 do 3.55 p.m 15) |... 1 2eReee eee 
ahaa COCO) i Bh Se ee My ha 5532 do.....| 4.55 p.m 15 4/222.) See eee 
Soc (0X0) ,}, ts ee as et ictoes 5532) |5=-d0s=- 5.55 p.m 15) 4) | den Sceaeteee eee 
H.5129A| Southampton Lt., 321°, 2k BpSOil May 1 b|eseee ees 4} |. bs eee 
miles. 
H.5129B centhamntes Lt., 3094°, 2.7 DHSS! ||'se nO Goer aisle iacte semanas 3 sd: .c.0 Sac e eee 
miles 
H.5129C) Berkeley Pier, 61°, 0.88 mile. . BBB2i [oes <dOss..|s2scb eee 2 Witla eee 
H.5129D Berkeley Pier, 283°, 0.43 mile. S532). 3c0Geecasl aoa mceeeeen 8} ccd dt s-deepesmereee 
Lower section of bay. 
D. 5781 | San Bruno Lt., N. 61° W.... 5531 | May 27 | 12.27 p.m. 4 M., Sh-.-ccssoeoee 
Shag Rk., N. 16° W. 


No. 2 Beacon, S. 47° E. 
D. 5782 | San Bruno i INSDOPAWiree 5531 |...do..... 3.00 p.m. Sh 

San Mateo Pt., ”S. 86° W. 

No. 2 Beacon, 8. 70° E. 


DREDGING AND HYDROGRAPHIC RECORDS. 


Francisco Bay, Caurr., 1912-13, anp Marcu, 1914—Continued. 


Temperature. 


Salinity. 


BG) ae ee ee A 
66 156. 13/54.61 | 22.99 ]....... Tur. cse.; Ek. | surf. 
bot.;4’ inter.; and 
#12; #20; Pr. botm. 
m. 
55 |58.33/54.16 | 20.82 | 28.88 |..... C6 ta rea 5 ee sea be do... 
58 |58.63/54.71 | 19.70 | 28.88 |..... Gets se rales (ole eee 
58 |57.13/55.41 | 18.34 | 27.33 |..... ole ere ee 4 oe do... 
60 |58.03/55.61 | 21.60 | 27.21 |..... G0-ciean sels 8 do:.. 
60 57.03/55. 71 | 23.08 | 27.33 |..... 00): Seer ee one, Gosen 
57 157. 73/55.81 | 20.66 | 26.55 |..... G0. eseesleee Goze. 
GIES | (eee ae ee od 3’ Tnr.; 19’ dr.| botm... 
[aye Pel Li-21 8) aie Re (ee a Hee 3’ Tnr.; 19” dr.| botm... 
55 [52.63/54.41 | 26.91 | 29.50] Ek. bot.; 4’|surf 
inter.; Tnr. and 
ese.; #12, $20; botm. 
Pre nt 
59 |54.03/53.96 | 28.79 | 29.34 |..... ane eee ele do..4- 
61 |53. ie 81 | 29.50 | 30.11 |..... (6 Foe ee eee d0:e. 
61 53. 73/53.81 | 30.28 | 30.37 |..... (3 Fo ra ee PEGlOs== 
57/53. ia 71 | 29.80 | 30.59 |..... dostits_.-< =2GO-22 
57 154. 23/54.66 | 29.65 | 30.63 |..... dos. has. .« Ecole 
58/54. hie SL} 28479 | 30.28 |}. .-.. dos pees ..do. 
56 |56.03/53.86 | 27.33 | 28.47 mers Foley See oe Oven 
59 |56.03)54. 26 | 26.67 | 29.65 |..... Gorse ee palo Keay 
57. 28 16 | 25.92 | 28.88 |..... Ce to Se Sear = d0.. 
59 |57.53}54.86 | 25.46 | 28.72 |..... Goes: ) 2526 sco. 
59 (57.53/55. 21 | 25.00 | 28.56 |..... [0 (os ee) Se dos. - 
857) Geseo Bee oed Deeee es CopBEee Ek.smp..-..-.-| botm... 


Remarks. 


Flood, 0.36 knot per 
hr. Cable out 20 
fms. 


Flood, 0.45 knot per 
hr. Cable out 13 
fms. 

ood 0.13 knot per 

"Cable out 4h 


Flood, 1.33 knots per 
hr. Cable out 10 
fms. 


Flood, 1.51 knots 
per hr. Cable out 
5 fms. 

Flood, 1.53 knots per 
hr. Cable out 5 
fms. 

Flood, 1.19 knots per 
hr. Cable out 
7-4-63 fms. 

1.8] Flood. Operations 

20 conducted from 

launch. 


Wo) |foLOoseeece 4.2} Ebb. Operations 
conducted from 


launch. 


10| Against]..... Flood, 1.33 knots per 


tide. hr. 
10) |323004 sae |ahece oe 2.63 knots per 
10) 223002222 352 |cance 


Flood, 2.27 knots per 
hr. 


LOS 2002-32222 | 286 Flood, 2 knots per hr. 
10) |) dows: 4. |b Flood, 1.33 knots per 
10) a3G0s- ‘ Piova, 0.40 knot per 
a0) | as (oS Ieee E by 1.59 knots per 
10) |i aaevat Sted! Ela bees ees pes 
10:|3:'do. isle a Ebb, 1.55 knots per 
10) |3.00%s2.4 | 258 Ebb, 1.01 knots per 
10 | =200b <5: 23). heen: a 


Flood, 0.66 knot per 


Ts 
Ebb. Operations 
conducted from 


launch. 
Do. 
Do. 
Do. 

AT NBO P Re Ss 1.85 | Ebb. Operations 
conducted from 
launch. 

2 | Cirele..... -3 | Ebb. Operations 
conducted from 
launch. Made a 


circle in oyster bed 
and finished at 
starting pt. 


40 U. S. BUREAU OF FISHERIES, 
DrepGIng AND HyproGrapPHic REecorps SECURED IN SAN 
Station 3 
sas Time of Character of 
eam Position. Chart. Date. day. Depth. bottom. 
Lower section of bay—Con. 
Ci S. 1912. Fms. 
D.5783 | San Mateo Pt., S. 70° W., 5531 | May 28 | 12.36 p.m. Oo ice. oe Se 
2.67 miles. 2 
D.5784 | No. 2 Beacon, S. 363° W., 55ST lees GOLee eal ace ae 1} |2in cee ee 
0.95 mile. 1} 
Middle section of bay. 
wee ALAN, Bonitashts Hse cess aslo oe cosel tobe aces | UUM 1B) |eoceccss eteele ee aeene | eee 
4 
A la Halfway between’ ‘Sausalito: |i-25 . 2222/2 edo2r- | al s0ipsm.|) 2 ake see eee 
and Angel Id. 
Cone es NT Halfway ibetweenyAngeliTd: |)... bee cl. dose. -c|) 2:30 PNMs |) oe ee 
and Southampton Lt. 
oy aah Halfway) between Sausalito |.) _-. 26.24) June 10) 1-20ip.m)| 22 eee 
and Angel Id. 
fi Bie 5 Halfway between! Angeliild «))\).2%. 2 5226-)| dors) 2225 pss {tee 
and Southampton Lt. 
EY Oe Se! Halfway between Sausalito |.............|Jume 14| 9.45a.m.|_.._._...)...-............-..- 
and Angel Id. 
Sats easy Halfway, between Angel Id: io. 025.2. 22-|o2.d0.22.-| LO45ia sme.) ee el oe 
and Southampton Lt. : 
cpt kd Walfiway? between! Sausalito"). $222 295.222| ume l7 2200p. mn 
and Angel Id. 
wane fe) Halfway between! Angel Id. | 6.2.2. ..2)25-|-. -doi22-2| 3:00 pam: coo se) ae 
and Southampton Lt. 
Seay See! Halfway: ‘between! Sausalito) |)-: 02-2. 2] June: 24, | :2.00)pume |) 2 ee ee ee 
and Angel Id. 
ee Ralfway ibetween;Angel Id:\|0) 5. .5....|...do:.:.-| 3.00spsms ||. 2. 3 a ee 
and Southampton Lt. 
pee ae er Halfway, between: Sausalito) |//2--. 22. 225--| June 27 |, 2:00spam= |h-- sss). | see 
and Angelld. 
sisfannledelioseee GOL ere bie a wcdeonsce tease) sos ses seks cee} Namen 29. |) 2:00. Ne) 27. Se alte 
eens ee Haliwayy between) Angell Ids) 3254592252. 3) aly 16,)|) L000 ass) |S ae 22 ee ae 
and Southampton Lt. 
uo 8 Halfway, between Sausalito, 20.2.2. SSE). dole a) La80 vas ams ee 
and Angel Island. 
bate eR 8 OnmiGolden| Gates. 322s. ase al hes See eee na aby 8) | eee eset 28") Sides Sete eee 
30 
Ey a a Halfways between Sausalito: |i25.-2-e2-.|) duly 14 |) (9i4o\ps mii) eee | 
and Angel Id. 
Yel Yate Halfway between Ange) Tds|/5.2%. 24522551422 dolss.2)10!25 pial) | 
and Southampton Lt. 
OU 2 OnmGoldeni Gators sy4ckte 22 |s- senses ae se MUU ne teens a 28')|| |S... Pee 
30 
H.5130 | Lime Pt. Lt., S. 58° W__.... 5532 | July 22] 9.29a.m. 13. | chrd\ 82sec oaeseeee 
Alcatraz Lt.,S. 54° E. 
Angel Id. Pak ie 
H.5131 | Southampton Lt., N. 14° E.. 5532 |...do....- 10.04 a. m. 259 inane G0.) 25554 aecee 
Alcatraz Lt.,S.24° W. 
Blunt Pt., N. 49° W. 
H. 5132 | Southampton Lt., N. 11° E.. 5532 |...do....- 10.49 a. m. ne De as dove cee 
Rt. Tang. Angel Id.,N.53° W. 
gag Angel Id., S. 544° 
H. 5133 | Rt. Tang. AngelId.,S.82° W. 5532 |...do..... 11.20 a. m. Ce 3 es See sn 
Rt. Tang. Red Rk., N. 14° W. 
Southampton Lt.,N.51° E. 
H. 5134 | Rt. Tang. Red Rk., N.4° W. B5Sil | wasdouees 11.49 a. m. 11} || 8.2: eee 
Lit. Tang. Bluff Pt.,S. 56° W. 
Southampton Lt.,8. 75° E. 
H. 6135 | Rt. Tang. Red Rk., N.2°E.. 5532 )|'..-do..5.. 1.01 p.m. 8.)| Movcasaescpeenaae 
Southampton Lt. 8. 494° KE. 
Lit. Tang. Bluff Pt., S. 134° 
H. 5136 | Rt. Tang. Red Rk., N. 59° E- BHSQNE doessce 1.30 p.m. 7h |e... dow: MPRA 
Southampton Lt., 8. 47° E. 
Brothers Lt.,N.14° E. 
H.5137 | Rt. Tang. Red Rk.,S. 653° E. 5532 |...do..... 2.02 p.m. 8: .| jnrd..Sss2gseeeee eee 


Brothers Lt., N. 26° E. 


| Southampton Lt., 8. 36° E. 


ee Se ee eee 


+o", o> pawn. 6 2 oe tert 2 eee 


DREDGING AND HYDROGRAPHIC RECORDS, 41 


Francisco Bay, Caurr., 1912-13, anp Marcu, 1914—Continued. 


Trial. Drift. 


Remarks. 


g 

Depth. | P¥2-| pirection 8 
epth. | ‘tion. ‘| G 
Qa 


botm...) 31 | S.54° BE.../2,.35| Ebb. Operations 
conducted from 


launch, 
peas «clase tome HOSE CakeeclMNe OO: Ens 125 Do. 
Beant al pipes ita ere satan ate eeele a lire a chia o aie | Meat etial Mawar cacseaiirecse On piles between 
high and low tides. 
4’ inter.; #12, | surf. 30) RA gai nists |) se. 
y tide. 
kA aNee ae oot do. 30 SOO naasiscliscces 
Sse Sasetlesc do.. 20 SORA. aasle ees 
Gowen ee Scleee do 30 Gover eel eaee 
Bh ah erie pet do. 20 dot eee t 
: Seen | 2 oe do. 20 Gove SAA Ne 
i 5 ab an Stetalllecte do. 20 GOs2.-e eens 
See coe do. 20 Bes Co ee, See |' Ae 
ee | eee do 20 dow Sees 
pS SEA a 2 do 20 doav. 223.52 
eee mes eae doze: 20 Go2y28 Sees 
Don, SB se do.. 20 00%, oe 2ee Bs 
does bite sa do... 20 Bs (0 ered fae ee 
i he | eee doxez.| 20 BPC bo See el aera 
oth 295" lk. i nsasn5 58 6.0 | Trip made with Pal- 
adini Fish Co.; 4 
hauls. 
4’ inter.; #12, | surf....| 20 | Against |.-..- 
iS tide. 
Lier | Se dose} (25. pdoss 22-8. 24. 
otmse. |) 390) Nee oe ae 6.0 Papaede with Pal- 
’ adini Fish Co.; 3 
hauls. Wal 
67 «57. Tajor- @L | 31.05 | 31.36 | Tnr. ese.; 4’ | surf. BD) eA ieae ais ial eee Ebb. After getting 
: inter.; #12, and tide. under way net was 
#20; Ek. bot. botm. towed 5 min. 
57 ©|60. 73/57. 86 | 29.47 | 31.10 |... Giee: seece less Goeee|) 14S Seed aee eee eee Ebb. Cable out 10 
fms., towed 5 min. 
59 60. 23/58. 11 | 30.11 | 31.05 |..... dos. 522235 dorms) lite. dose se. | see Ebb. Cable out 20 
fms., towed 5 min. 
at 10 fms. 
59 |62. 73/58. 56 | 27.54 | 30.98 |..... a (3 ae | GOs: . cp wlder la: dos se 2.022 3a- Ebb. Cable out 15 
fms., towed 4 min. 
66 |64. 63/58. 56 | 24.39 | 30.33 |..... 6 CN Se! do; iBe (ode ses. lot Ebb. Cable out 16 
{ms., towed 8 min. 
66 |64.73/60.36 | 28.07 | 28.88 ]..... 0 Ca ae ae | Go-.--|) 160 |5--dote-. 28) 32. Ebb. Cable out 5-10 
fms., towed 6 min. 
67. 5|64. 13/60. 86 | 27.21 | 28.79 |..... GO‘. ts cael Osco), oleae sed Ox sc. ..).]\25 ee Ebb. Towed 2 min. 


69 |63.73)60.86 | 25.49 | 28.56 ]..... 0 Co PPS nr | Be do....} 18} |...do......].....] Ebb. Towed 8} min. 
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Station Say Ti f Ch: f 
nae Position. Chart. Date. aay, Depth. eters . 


Lower section of bay. 
Cc. 8. 1912. Fms. 
H. 5138 | Goat Id. Lt., fo 23 See. ve 5531 | July 23 | 10.03 a.m. 12), WMS... <2 Scene Sate 

; Pay Bldg., N. 81° W. , 
Rt. aon Mission Rik-5 IN: 


5139" "Goat ld te Ni licnWiee aes. 5081! |/52-d0..-.- 10.36 a. m. 12) Weeniee dois S2eeeeeree 
Ferry Bldg. ”N. 56° W 
Rt. Tang. Mission Rk., N. 
86° W. 


H.5140 | Goat Id. Lt., N. 16° W...... SSL) aoe dOseeee 11.15 a. m. 9. sceiee d0.2:3.2-4 ee 
Shag Rk., s. 633° W. 
San Bruno Lt., S.17° W. 


5141 | ‘ShaeiRk., Nib22 Wig... c= 55814. 2doses- 11.54 a. m. GE oeeee d0..2+ eee 
Candlestick Pt. aN. 72° Wi. 
San Bruno Lt., ’§. 22° W. 
H.5142 | Shag Rk., N. SERIA ec: 5531 |...do.....| 1.02 p.m, By i meas (OSeemec ae Soc 
San Bruno Lt., S. a W. 
No. 2 Beacon, '$. 28° E 
H.5143 | San Bruno Lt.,8. 66° W....- 5631¢)/6-2d025.2| 1329p5m! 5...) Siti Mise eee 
No. 2 Beacon, §. 32° E 
Shag Rk., N. 314° W 
H.5144 | San Bruno Gt Wiesverene oad DosI IE -2dOseess|) Leo p.me Oo | Some G05. 522s 
No. 2 Beacon, §.31°E. . 
Bt: Avisadero, N. 19° W. 
H.5145 | San Bruno Tite Neo Wee. 5581 '|4..do..... 2.28 p.m. 64.) Mis. J dscomsmeeeeeee 
No. 2 Beacon, 5. 33° E. 
San Mateo Pt., S. 10° W. ° 


Upper section of bay. 


H.5146 | Brothers Lt., S. 2° W........ 5533 | July 24 | 10.08 a.m. 14:.\,|. Mic aenceosesepaee 
Lft. Tang. ON: 36° W. 
Pinole ple N. 58° E. 


5533 |...do...-.] 11.01 a.m. 
Boe We eeGOese es |e 49lae ms 
5533 |...do...-.| 12.51 p.m 

‘H.5147 | Brothers Lt., S. 27° W...-.-- 5533 |...do.....| 1.39 p.m. 6% | Mow ceSseeee eee 


Pinole Pt., g. 73° E. 
H.5148 | Mare Id. Lt., N. 64° E....... 5533 |...do.....| 2.44.p.m. 6.-\|0. 2. <dOcs eee ceeeneins 


H.5149 Crater lt. N. 45° W..... PA 5533 |...do.....| 3.32 p.m. 13/4) rd... ose-eseeee 
sil elart. meen. Crockett Whf., 
8. 72° E. 
Rt. Tang. Selby Whf., S. 
604° W. 


Middle section of bay. 


H.5150 | Rt. Tang. Red Rk., N. 62° E. 5532 | July 29] 9.05a.m. 8h MA. cee ae 
Brothers Lt., N. 184° E 
Lft. Tang. Sisters, N. 2°. 

H.5151 | Rt. Tang. Red Rk., N.65°E.. 5532 |...do.....| 9.284. m. Tae) KdOLe ee 
Brothers Lt., N. 154° E. 
Southampton Lt., S. 46° E. 


H. 5152 | Rt. Tang. Red Rk., N. ae 1ioe Go822-200s_4-4]| 9.02 aes Ue je) UdOtece eee 
SU es Lt 8. 52° E 
Bluff Pt., ew 

H.5153 | Bluff Pt., a ite iV Vereen ee 5532 |...do.....| 10.16 a. m. artless ro Co eee ete Be 


Southampton Lt., 8S. 59° E. 
Rt. Tang. Red Rk. ,»N.9°W. 

H. 5154 Bod eiai eat 1) Ne 75° W 5532 |...do.....| 10.39 a. m. 84] brd. 8S... aeseeeee 
Rt. Tang. Angel 1d.,S.63°W. 
Rt. Tang. Red Rk., N.153°W. 

H.5155 | Southampton Lt., N.123}°E.. 5532 |...do..... 11.02 a. m. 13 ||..4.$do. eee 
Rt. Tang. Angel Id., N. 72° W. 
Lft. Tang. Angel Id. a Bae 

H.5156 | Southam foe Lt. 5532 |...do..... 11.22 a. m. 16° |\imtiS 2 see seee eee 
Alcatraz sate W ; 
Blunt Pt., WS 83° W 
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Francisco Bay, Cauir., 1912-13, aNnp Marcu, 1914—Continued. 


Temperature. 


ACs (ee ae ae 
61 62. 63/59. 11 


61 ./62. 73/60. 86 


61. 5/63. 23/62. 21 


63 |64. 73/62. 86 


63/65. 53/63. 71 


64. 33/62. 86 
63. 73/62. 91 
62. 73/62. 86 
61. 73/60. 11 
57. 5 .62..03)60. 16 
58 (60. 43/58. 81 


58 (58. 23/58. 01 


Salinity. Drift. 
Apparatus. g Remarks. 
Surf. | Botm Direction. $ 
a 
‘ Mi. 
28.14 | 30.37] Trn. ese.; 4’ Against |)... Ebb. Cable out 9 
inter.; #12, tide. fms., towed 5 min. 
#20; Ek. bot. 
2e8? | 2:88 | sac HOC Ses jel oes cts Coys eet ete | felon eta Ebb. Cable out 9 
fms., towed 6 min. 
Nets filled with 
sand. Haul dis- 
carded. 
2B228) | 28.08) cas oadOssceoce elec, RecdOs niece |Pemers Ebb. Cable out 6-8- 
10 fms., because of 
smallebb; afterget- 
ting under way 
towed 5 min. 
27.98 | 28.23 |..... MORE dacccdtlece iets Ons siete ees Ebb. Cable out 4-10 
fms., towed 5 min. 
27268) | ere0S)|so6 2 GOSS aseee nee saGOwee oot |ae oe Ebb. Cable out 3 
fms., towed 5 m. 
ZietO\ |p2reo9 "|... oe Oss eons elses F.eAOrene ts acer Ebb. Cable out 3 
fms., towed 4m. 
Q7s74) 2T.68: a2. 3 (os Seer =-GOzc.52- lee Ebb. Cable out 3 
fms., towed 5 m. 
21s 27.45 ies cc (0) es ee a | PEO See ae ee ee Ebb. Cable out 34 
fms., towed 5 m. 
Qe 285d MULAN CSer sc Wisi reiee| ok so | ee AE PR ee Flood. 
inter.; #12, 
#20; Ek. bot. 
20578) | 28.162) [25.2 - GOs. os5e 6-2 dP sees to eee: See Do. 
25/39 | 28.79) |... C3 Vo Yop, Boe Bee ee Er (0 ee a are (ee ee OO Fe lack. 
26.39 | 28.79 |....- oy S See a Ee Against |..... Ebb. Cable out 1C 
tide. fms., towed 5 m. 
25.39 | 26.23 |.:... Goss esses e|eee Bos Voie sod 4 WIR Se Ebb. Cable out 3-19 
fms., towed 4 m. 
48760) 1) 22:07) -5 56 doe. ee |e. 200 68-3] ae Ebb. Cable out 4-16 
fms., towed 5 m. 
15.16 | 18.63 |..... Goa % -35 ieee ~<G0s2-255-| see Ebb. Cable out 10 
fms., towed 5 m. 
22.32 | 26.49 ; Trn. cse.; 4’ Apainsti|! 2: Flood. Cable out 6 
inter.; #12; tide. fms. 
#20; Ek. bot. 
25277 | 26.54 4. 2..2 Ci Co es a | [ee Es (oe er ae |e Do. 
26.39 | 26.39 |... .. do... Saeed: aA Fa reel ET Flood. Cable out 5 
fms. 
27.65 | 29.43 |..... GOs. 24 eles Se Gita. ase | cee Do. 
27.30 | 29.56 |..... 0. .i3.s56s8es- e (1 (1) ee Fe Bae Flood. Cable out 6 
fms. 
28.95 | 30.50 }..... @0:..\s0 sees AGO: desis Flood. Cable out 12 
ims. 
30.96 | 30.98 |..... Co pee ee do. 1i4$;|5 .-d0..:4.2: 35am Flood. Cable out 13- 
15 fms 
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DREDGING AND HyproaraprHic REcoRDS SECURED IN SAN 


ea Position. Chart. Date. Time of | Depth. Character of 
ber. day. bottom. 
Middle section of bay—Con. 
Cc. 8. 1912. Fms. 
H.5157 | Alcatraz Lt., S. 46° E........ 5532 | July 29 |} 12.01 p.m. 13)) |-hrd | SJteesee- eee 
Angel Id. Lt., N. 8° E. 
Lime Pt. Lt., 8. 55° W. 
Lower section of bay. 
H.5158 | San Bruno Lt., N.65° W.... 5531 | July 30] 8.53a.m 6 || ‘sft. Mi eeeeeees 
No. 2 Beacon, §. 36° E. 
San Mateo Pt., 8. 154° W. 
H.5159 | San Bruno Lt., N. 85° W.... 5531 |...do.....) 9.20a.m. 5 i|lp2ctdoeee eee eee 
No. 2 Beacon, §.32°R. 
Pt. Avisadero, N. 23° W. 
H.5160 | San Bruno Lt., S. 693° W.... 5581 |...do.....| 9.48 .a. m. 43 Mi..-Jce eee 
No. 2 Beacon, &. 30° E. 
Shag Rk., N. 33° W. 
H.5161 | Shag Rk., N. 35° W.....-...- boss) 200-242 10.08 a. m ong See doisss ae se 
San Bruno Lt., 8. 43° W. 
H.5162 | Shag Rk., N. 47° W.......-- OST seeds esse 10.38 a. m 62 | hird! Ms)... eee 
San Bruno Lt.,S. 18° W. 
Candlestick Pt., N. 72° W. 
H.5163 | Goat Id. Lt., N. 21° W...--- 5531 |...do.....| 11.10 a. m. 8 1M. See 
Shag Rk., S. 60° W. 
San Bruno Lt., 8. 19° W. 
H.5164 | Goat Id. Lt., N. 184° W..... 5531 |...do.....| 11.46 a. m. 10: Fee do... ae 
Ferry Bldg., N. 50° W. 
Rt. Tang. Mission Rk., N. 
83° W. 
H.5165 | Goat Id. Lt., N. 27° W....-- 5531 |...do.....] 12.26 p.m. 1250 555 Oss eee eee 
Ferry Bldg., N. 67° W. 
Rt. Tang. Mission Rk., S. 
264° E. 
Upper section of bay. 
H.5166 | Carquinez Lt., N. 34° W..... 5533 | July 31 | 11.58 a.m. 104°) ‘gy. 'Ss-tesecsek sere 
Lit. aaa Crockett Whf., S. 
79° BE. 
Rt. Tang. Selby Whf., S. 66° 
W. 
H.5167 | Mare Id. Lt., N. 534° W..... 6533 |. --do0....< 12.19 p.m. 7) | OMS. 21. ee 
Carquinez Lt., N. 43° E. 
Lone Tree Whi., S. 353° W. 
H.5168 | Mare Id. Lt., N. 60° E...._.. 5533 |...do..... 12.57 p.m. Gey |eeee do-shlsosaeeee 
Lone Tree Whf., S. 404° E. 
Pinole Pt., S. 53° W. 
H.5169 | Lone Tree Whf., S. 834° E... 5533 |...do..... 1.30 p.m. O. stenae doasseseskeeeee 
Pinole Pt., S. 354° W. 
Mare Id. Lt., N. 67° E. 
H.5170 | Brothers Lt.,S.30° W....... 5533 |...do....- 2.21 p.m. Tin ager dO 220 see 
Rt. Tang. Sisters, S. 53° W. ; - 
Pinole Pt.,S. 73° E. 
H.5171 } Pinole Pt., N..744° E........ Ose ieee GOseees 2.48 p.m. 63/| == 233 6 (a SER eo. 
Brothers Lt., S. 26° W. 
Rt. Tang. Sisters, S. 63° W. 
H. 5172 | Rt, Tang. Marin Ids., S. 654° 5533 |...do.....| 3.21 p.m. Bea] ea donde Ae 
Lft. Tang. Sisters, N. 414° E. 
Brothers Lt., S. 
Middle section of bay. 
Beha: Ge Bonita eto else eke ol ApS OL We ic Sete: S 08 See 2 ee 
DANII. eee shore (west of Fort)|§o-. 22. esc ale ae Ci Co eS Mere ts ones s SIS 0 he eee 
t.). 
ene Aad Key a Pieri(mud: flats |o.2..2..04525)| Aug. (2 oes... 2 saeeeeees ess | eno er 
north of). 
A eae Key.l/Route) Pier (cement. |/..27-..0o2ne|e GOs. .0.| a-deecmemen| bere aso | hace eee eee a eee 
sewer). 
eS See ROG Re cae ei ch te eee ees [tee Soe oN ABS, 1B PERS celles ss eas ee ee 
Nae) Richmond))(Standard (VOU) |). 820 2 Usb ose... le eceecineics «[bcces o- Calan eee cee 
Pier). | 
SMa ey Halfway between AneeliId. |-.:...has.¢||\ Aug. 20 | 19:d0)a.-m. |o-..- 22a eee 
and Southampton Lt. | 
Sisalafeieicls |eietaale Le Le ae atic [ae seis nekicte tte [aes ©Osacwe | MEOULO a caMMt, | crc ascii Gaerne aeeetee eeateteaeen 
weioe wean 300 yds. SE. Pt. Diablo.....-|-............| Aug. 30 | 2.00 p.m. )|...../...)...--- 7... oe 
Sisaiacets i Angel Id. and Sau- |............-. Sept. 6] 9.308.m.|...... ~ na] etatec sa eeieeee eee 
salito. 
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Francisco Bay, Cauir., 1912-13, AND Marcu, 1914—Continued. 


Temperature. Salinity. Drift. 

: Apparatus. Remarks. 
‘ly g Surf. | Botm. n, | BUF! pirection. 
d|aija 


ee Pa af fe | | | a | 


AES Ae he oe 

58 |56. 63/56. 71 | 31.79 | 31.90 | Trn. cse.; 4’ 
inter.; #12, 
#20; Ek. bot. 


124 | Against Flood. Cable out 11 


tide. 


66. 83/66. 86 | 27.85 | 27.87 | Trm. ese.; 4’ 12 | Against Flood. Cable out 4 


inter.; #12, tide. fms. 
#20; Ek. bot. 

61. 5 66. 53/66. 76 | 27.91 | 27.82 |___.. do-! 3). - Ps Fe Tis Be (Ws b= = ae nat sie ot Cable out 44 
ms. 

62 |65.73/65.81 | 27.94 | 27.87 |..... Godenxts. 5. eee Oseud Ov Ws. doce eles cee ee Cable out 34 
ms. 

63 |64.03/63.91 | 28.33 | 28.33 |... 5 Besa Se Bee Bk /se.dOsness se|see 3" Do 

63. 5/63. 83/62. 71 | 28.49 | 28.79 |..... G OE Re ase) moe alt (10) “ee doled. aie: 8 ey ee Cable out 4 
ms. 

64 |6s.33/63.31 | 28.51 | 28.64 |..... Fem! Reeeee | BW tate dasence | year Flood. Cable out 6 
ms. 

65. 5/61. 72/61. 56 | 29.10 | 29.18 |..... (3 (a foot oe ee a Sede csance|eace ee Cable out 8 
ms. 

65. 5/60. 63/58. 81 | 30.11 | 30.83 |..... (Cs fk Red ba ee Saale Lh" |oe-GOseszcce eee eee Cable out 10 
ms. 

65 |65.03/65.71 | 9.96 | 12.89] Trn. cse.; 4’ 193 | Against Flood. Cable out 

inter.; #12, tide. 8-11 fms., towed 94 

#20; Ek. bot. min. under way. 
Surf. 10 min. Jater 
because therm. did 
not trip. 

65 (65.23/65. 36 | 11.35 | 16.11 |..... GOs esse secelaee 14) |) e3dobs2. os seee- Flood. Cable out 11 
fms., towed 3 min. 
under way. 

67 |65.53/65.56 | 16.63 | 16.94 |..... 6 y-eooceee Cod wee 107 doksseecla. =o Flood. Cable out 4 
fms. 

66 (65.03/64.86 | 21.91 | 22.05 |..... CO seems con leas bate TOF eecdOsaeceataace Bloat, Cable out 6 
ms. 

64. 5/63. 7362.91 | 24.85 | 25.94 |..... A REROAsood| et 11 -do 4 Spc Cable out 5 
ms. 

64 |62.93/62.41 | 26.47 | 27.01 |..... GG Reda scene << 114 do Do. 

62. 73/60. 56 | 28.25 | 29.23 }..... Otematoaes eee 10d) (eee OO ene sealants Do. 
| 

a Bes eee Dae eth so Gie hE PE Jy 5 oleae Rea SS aba a Ae ees el) On | piles. between 

high and low tides. 
| senna | sates, Vite Sete | ocwasa| cla werden esas ne se|(aateacaa| pcan oelain~ao-masd«n|aa0 ae On_ beach between 
high and low tides. 
Reeder sige oa | hoa s al canta sic nena w'dio el Mattar |'a'ncintetes leit Neainme va'clican a Between high and 
low tides. 
Vataeclaawees Pee Naa clon dente cet owed ssa senmae ees ese nace |anessansasceloveee Do. 
RD aera ne aise 4 los Sowa al 2 No ces occle ud odlamdeteces|ewacsse Laser ons oseledoee Do. 
ree een asa tae ooo c |e coats croc Codclecdbeeddelencocaa|swsccesscescfoonse Do. 
CRE) Eee ae Pe 4’ inter.; #12, | surf....| 30 | Against 
} #20. tide. 

SRS Bh ae, ee EE | De GGsscceceaulaen do... 30 do 

El ae ee |B Gh SS RC, (iam Meare Br (ee 30 -do 

ec, 1S ee eam 25 |...do 
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Station - 
Ane Time of Character of 
“ae Position. Chart. Date. day. Depth. bottom. 
Middle section of bay—Con. 
, Cas 1912. Fms. 
cities OMmGoldemiGate: ss ssseh ae | 5. Bee ee Septstio) |e ee ees 28.¢'| Sa.! 2h eee e 
30 
i ea fi Between Angel Id. and Sau- |............. Sept. 12 |, 1:80:p.m.||2.-2. 22. |, oes) eee eee 
salito. 
SAS Oe Offi GoldeniGatele:. 25 6228 4). 1. 2eeeee ee Septevl7. aac cs eves 28 =i) Suss.ae SR See oe 
30 
Sie Between Angel Id. and San- |.5-222---L2..|\Sept. 19°] 1.30sp.m.) so. 56: SEN See ee eee 
salito. 
emia ciece|| beans Opes Sic does See ss cull deccsisothecs| ISEDE20 | 8.4518. Mss. 2. feccloec eee eee 
Heiss OnjGoldentGatels Sy. 2 ssh. |. sob eeee 5. -|Oc Je ee Se eee 28 »| Sc. 1.28 Guay Rae 
30 
Upper section of bay. 
H5173 |) Brothers (Ut. S. Woes... - 5533 | Oct. 7 | 10:15 a.m. 122 |. Me). ccs. eee 
Lit. Tang. Marin Ids., N. 48° 
Lft. Tang. Sisters, S. 564° W 
setae GORA esate wich Be 5d33 ee GO.ce 5 11.15-a. Ms | 22.23: 5-£|- 22 te eee 2 
adhere GOL ey cere ee bscece 6533 |. .-do2.2..| 12.30) p.m.)|. 2 oc ane oe eee 
H.5174 | Brothers Lt., S. 244° W...... 5533 |...do..... 11>) pam 64. | M. 5.25. esses 
Pinole Pt., N. 74° E. | 


11.5175 | Brothers Lt., S$. 33° W. 2 5533 |...do..... 1.35 p.m. Gralleeeee do. - st.) ates 


H. 5176 | Lone Tree Pt., S. 834° E..... 5533 |..-do..... 2.23 p.m. Oy Weeees (CBR picea sc no. 


H.5177 | Lone Tree WHf., S. 45° E.... 5533 |...do..... 3.07 p.m. feed a do...) sean 


H.5178 | Mare Id. Lt., N. 40° W...... 5533 |...do..... 3.53 p.m. Sia ue dé.) Sees 


H.5179 | Carquinez Lt., N. 284° W.... 5533 |...do....- 4.16 p.m. TL WSi.f2 See eens 


Rt. ang. Selby Whf., S. 69° : 


Lower section of bay. 


H. 5180 | Ferry Bldg., N.77° W....... 5531 | Oct. 8 | 9.55a.m. 13 =|) Mis a8 See ee . 
Goat Id. Lt., N. 11° B. 
Rt. Tang. Mission Rk., S. 
38° W. 


Ye a) @ owed 


He S18 \Goatid . Lt. Noe .W oc. 2-- SusL | peeGOssees 12.01 p.m. 11 M., csscecichoe seater 
Ferry Bldg., N.54° W. 
Rt. Tang. Mission Rk., N. 

80° W. | 

H. 5182 | GoatId. Lt., N. 22° W...... Boole pasdOneeee 12.45 p.m. 84 |... AG OLSo eee 
Shag Rk., 8. 63° W. 
San Bruno Lt., 8. 214° W. | 

Biol83 pe bariRikis Noe Wi -j-.50.0 5c Sosly|--dOcnee.| blo sane 
San Bruno Lt.,S.17° W. 
Candlestick Pt.,N.78° W. 

H. 5184 | Shag Rk., N. 403° W........ PEST Re aeke peas 1.52 p.m. 5) \oo.dGO5 ec eeeeeme 
San Bruno Lt., 8. 404° W. 
No. 2 Beacon, §. 28° BE. 

H. 5185 | San Bruno Lt., 8. 67° W..... Bosl, |eeedOlsee nip aekoip. te 43 |. ns dO. ce eee. wens 
No. 2 Beacon, 8. 29° E. 
Shag Rk., N.35° W. 

H. 5186 | No. 2 Beacon, S. 32° E....... 5531 |...do.....| 2.42 p.m. Lie res CRS I 
San Bruno Lt., N. 88° W. 
Shag Rk., N. 284° W. 


~I 
ry 
So 
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Francisco Bay, Caurr., 1912-13, anp Marcu, 1914—Continued. 


Temperature. Salinity. Trial. Drift. 
f Apparatus 8 Remarks. 
.|< | & | surf. | Botm. Depth. tik Direction. 3 
- 5 S 10n. az 
a/a]a A 
ey cr. or. Min. Mi. 
OS) GASPAR Be eee SOINGie ¢.\.c-20 botm.. OOS fect ss cae om 6.0 | 3 hauls. Trip made 
; a Paladini Fish 
0. 
. J RAS -4 RASS ABS 58 Ps 4 4’ inter.; #12, | surf....| 20 | Against |..... 
: tide. 
Peloton las aceclessapec| seeeee seine..........| botm.. LD aC eRSCasae 6.0 Do. 
oa, | Se AS Se 4’ inter:s 1712) surf....| 20) |) Against'|..:.. 
i tide. 
Peelectecliccrascivacckes|sacccsh| ace me UGbeeasviaesl eae do... 20 |...do. Sees 
See loetbelececoclaccsreclescccns SGIMNG2!- secs e botm.. 90) eho cc s<cateen 6.0 Do. 
66) 159.97/59.68 }|oo5---<je---.52 TrseCses» 45S Leal. ACS AT TST eee Flood, 1.78 knots per 
inter.; #12, and tide. hr. 
; Ek. bot.; botm 
Tr. m. 
63 /61.88)/59.68 | 27.19 | 32.45 |..... GREE Bap ad Bas 5-4) SeAcooe EcOOves- Galak 4 Binad, 0.72 knot per 
64 |61.38|59.68 | 30.20 | 31.09 |..... dowthet b(t do:e4) 4D |e -dosst ae Ebb, 0.50 knot per 
i Cable out 8-10 
ms. + 
60.68/59. 83 | 27.15 | 30.01 |.....do.........]... do:.2. 14) \ 25 6d0s-2 cme oeee Ebb, 1.26 knots per 
ne Cable out 4-8 
ms. 
BR USINO SA aGe cil) 26040) | an cacOOnecssecie|se-COnes| 12) |. /dOaas-o<|soce- Ebb, 1.59 knots per 
Lt Cable out 5 
ms. 
65. 5/62. 48/61.53 | 21.24 | 26.99 |..... Glace maecdiion dpc BAUS Gers (oye el es ae Ebb, 2.03 knots per 
hr came up 
mud 3 
65 i62.38/61.78 | 20.51 | 23.32 |.....do.........|-.. do.... il = OO ee pre | neces pee 2.98 knots per 
66. 5/62. 78/62.53 | 18.02 | 18.34 |.....do.........]... G0.-2-|| “12> J2d0se-ce -|aasne Ebb, 1.79 knots per 
x Cable out 6 
ms. 
68 |62.78/61.78 | 20.78 | 21.21 |.....do........./... do... 11g | 5.200254. 24) o ace. Bes 2.63 knots per 
r. 
Peenibisaning- 16!) oo-07 | bacoa | Tnir, cse.s 4° surf. e225. cle ee es ace olor Flood, 1.50 knots per 
inter.; #12, and hour. Rubber 
#20; Ek. bot.; botm. packing from top 
Prsm, of Ek. bot. lost; 
water sample not 
urely bot. water. 
cD) dy ACS Gy 660 Bn? EY SC re ee 13 ape st sigs a 0.41 knot per 
tide. A 
. 5/59. 88/57.68 | 31.89 | 32.45 | Tnr. ecse.; 4’| surf. 13) 1S. sors eas ..-| Ebb, 1.18 knots per 
inter., #12, and hr. 
#20; Ek.bot.:|  botm. 
Pr. m. 
57. 5 59. 88)59. 78 | 31.36 | 31.66 |..... G0s55.4-- s2-|22200---.|) 12 |e des. ....-| Ebb, 1.45 knots per 
. 
59 (61.88/60.83 | 31.27 | 31.36 |..... GOs cob. cae alae do... 12 |...do.......|.....] Ebb, 1.92 knots per 
} . 
58. 5|63. 08/63. 03 | 31.29 | 31.27 |..... 602.1). 2s do t:| ~ a) cao oes Ebb, 1.88 knots per 
58 |63.38/62.93 | 31.60 | 31.36 |..... (3 Ce a a | ape 12 SEL ko ee bee ae bs 1.89 knots per 
57 (62. 88/62. 73 | 31.27 | 31.33 |..... Oceans = a5 |e do....| 11} |...do.. ‘ Eb, 1.88 knots per 
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Station 
num- 
ber. 


H. 5187 


H. 5188 


H. 5189 


H. 5190 


H. 5191 


H. 5192 


H. 5193 


H. 5194 


H. 5195 


H. 5196 


H. 5197 


H. 5198 


H. 5199 


H. 5200 


H. 5201 


H. 5202 


U. S. BUREAU OF FISHERIES, 


DREDGING AND HypROGRAPHIC RECORDS SECURED IN SAN 


Position. 


Lower section of bay—Con. 


No. 2 Beacon, 8. 33° E....... 
San Bruno Lt., N. 66° W. 
San Mateo Pt.,S.19° W. 


Middle section of bay. 


Angel Id. Lt., N.7° E....... 
Alcatraz Lt., S. 43° E. 
Lime Pt. Lt., S. 54° W. 


Southampton Lt., N.7° E... 
Alcatraz Lt., S.32° W. 
Blunt Pt., N.68° W. 
Southampton Lt., N. 154° E.. 
Rt. Tang. Angel Id., N. 59° 


Lit. "Tang. Angel Id., S. 45° 


Southampton Lt., N. 65° E.. 
Rt. Tang. Angel Id., 8. 72° W. 
Lit. Tang. Angel Id., S. 75° 


Blue Pte. Bs C4 GI Wise see 
Southampton Lt., S. 703° E. 
Rt. Tang. Red Rk.,N.7° W. 

Southampton Lt.,S.71°E .. 
Bluff Pt., S. 12° E. 

Lft. Tang. Red Rk., N.2° E. 

LBIMaN TE RS ish MEST) See Sees 
Lft. Tang. Red Rk., N. 42° E. 
Southampton Lt., §. 503° E. 
Brothers'Lt., No13° He... - 
Lft. Tang. Red Rk.,S. 72° E. 
Southampton Lt., S. 34° E. 


Upper section of bay. 


Carquinez Lt., N. 33° W..... 

are Crockett Whf., S. 

Rt. Tang. Selby Whf., S. 
57° W. 


Mare Id. Lt., N. 564° W....- 

Carquinez Lt., N.31° E. 

Tang. Crockett Whf., S. 
674° E. 


Lone Tree Whf.,S. 43° E 
Mareld. Lt.,N.57° E. 
Pinole Pt.,S.54° W. 
Lone Tree Whf., S. 83° E_..- 
Pinole Pt.,S.37° W. 

Mare Id. Lt.,N.65}° E. 
Brothers Lt.,S.30° W....... 
Rt. Tang. Sisters, S.52° W. 
Pinole Pt.,S. 684° E. 
Brothers Lt.,S.29° W....... 
Rt. Tang. Sisters, S. 65° W. 
Pinole Pt.,N.74° E. 
Brothers Lt.,S.4° W........ 
Lit. Tang. Sisters, N. 444° W. 
Lit. Tang. Marin Ids., S. 


60° W. 


Chart. 


c. 8. 


5531 


5532 


5532 


5532 |.. 


5532 


5532 


5532 


5532 


5532 


5532 


5532 


5533 


Time of 


Character of 


Date. day. Depth. bottom. 

1912. Fms. 

Oct. 8 | 3.15 p.m. OF} | -Mie.ctscetesaee 
Oct. 9] 10.19a.m 12° Whrds Sie S2seseeeee 
eeeGOseceu| tL.04/ a5 mm 12) 3 wc cee oeaeeeeeeee 

FOr see! 12.31 p.m 12:3) (hrd Sess eee 
Ped ous 1.13 p.m 165") Sm ISo cae ee eee 
ee Ose 1.45 p.m DN ese don. He soe 
E2-G0--- 22), 2.14). mt: 7% Sect GO'se Se eee 
Bee Oeae es |e. Sap serie 9) | CMe aoe caneseeree 
.oe@0.-e--|) 3.05 p.m. 10: |. dow steamers 
5.000; 22|) (3.47 pee Ma Po one Saseasacr, 
eed Oseene|: -4eLOpeunas lee doce 
Oct. 10] 8.54a.m. LOw:}) Mos cccmstene seer ae 
eeGOl esas 9.22'as Mb); ocntcs [eee wecatlee eee 
£2-00---e.|' o.00 acme Pali] Ws Hepes eS i 
.-do.....| 10.31 a.m. 1. \ieeecdOieeccesseeee 
o d0sso22| 11. 0siaeane 5 |. 636-00: oben oeeeee 
Sarak oss els 11.56 a. m. (Mie, pres bets Sg Ae 
--do.....| 12.20:p. m. Ghofeeede OO. see cencen 
2.00%. sc2|)22.00 Dei. 12° | brads Mec eccccece 


DREDGING AND HYDROGRAPHIC RECORDS. 49 


Francisco Bay, Caurr., 1912-13, AnD Marcu, 1914—Continued. 


Temperature. Salinity. Trial. Drift. 
Apparatus g Remarks. 
‘ Dura- * 
ELE § Surf. | Botm. Depth. | tion, | Direction. | 5 
4/ a roa) ee 
AS Aes Min. Mi. 
57 |62.68/61.88 | 31.44 | 31.36 | Tnr.- cse.; 4’| surf. 12 | Against |..... Ebb, 2.30 knots per 
inter., #12,; and tide, -hr. As grit gauze 
#20; Ek.bot.: botm. lining ripped, outer 
Prom) | bag was used as 4’ 
inter. townet (1- 
inch mesh) at this 
station. 
mare io0.Ge\00; 05°) Gl.00 | 62.92)|/ Tnr, ‘cse.s) 47 'Sinfe |. 22s efoscccncs- eee ces Flood, 1.70 knots per 
inter. "#12, and hr. 
#20; Ek. bot.;| botm. 
62° 155. 78/55.38 | 33.22 | 33.22 |_.... Noe Mame secelhes doree:|<< ans. 2h| Saaoaee wees [eens Hod, 1.31 knots per 
58 |55.78)54.93 | 33.22 | 33.27 |..... ia Sk: ...|...do....| 13 | Against |..... Ebb, 0.225 knot 
tide. hr. #20 bag fil 
with sand. Rad 
5 min. under way. 
58 (56.48/55. 83 | 32.67 | 33.18 |..... (se ae Ie -do....] 20 |...do.......].....] Ebb, 0.94 knot per 
hr. Towed 5 min. 
under way 
60 |57.88/56.68 | 32.80 | 32.60 |.....do.........]... dos 22\r~ 18h | a2dow zeae | cee EDD: 0.99 enc per 
66 |57.88/56.98 | 32.83 | 32.60 |..... GOsssee <0 <|e- 20 Oss o5))  uLby Pad Osc oses tee Ebb, 1.31 knots per 
64 |58.68/57.08 | 32.28 | 32.67 |..... (iL Sec Pa do.... 9) acdoser. eeu nie ADD, 1.53 knots per 
71 |58.88|57.78 | 31.90 | 32.27 |..... Cl ee bay Sdarey) 11k) | sidotesseretse eo 2D, 0.96 knot per 
71 (60.18/59. 53 | 30.24 | 30.43 |..... Ques Jeena CO ere a1 2s eedoese nes ae BBE 2.92 knots per 
69. 5/60. 18/59.83 | 30.11 |.......].-... dows 222 £3/hes dos-aye 11) ido:.4 eee bb, 2.63 knots per 
09 |61.38/60.98 | 14.84 | 18.51 | Tmr. cse.; 4’! surf. |.......|..-.------e-le- .--| Ebb, 0.46 knot per 
inter. "#12, and ; hr. 
#20; Ek.bot.:| botm. 
Prom: 
59 |61.18/61.03 | 14.03 | 17.08 |..... (1 (ae Sn Pre do-.-1) 10 Apalmet Sees Flood, 0.50 knot per 
tide. hr, 
71 (61.08/60. 83 | 15.85 | 19.66 |..... WOees 6 08 toon do:?.:|') 10} s.doS each se Fiocd, 1,55 knots per 
70 |61.08/60. 83 | 20.56 | 21.78 |.....do.........|... OGree- (a One OOses ae laccas Flood, 1.86 knots per 
70 |60. 88/60. 83 | 24.77 | 25.16 |..... ri (res ae Be Mosees|) -L2ni eae GOsceece. | steess Hie 1.18 knots per 
68 /60.38/59.83 | 28.26 | 28.95 |..... Gessze es oosloee dGccc. IOV ieedGssene sel. ato. eens 1.52 knotg per 
67 |59.68/59. 23 | 29.18 | 30.11 |..... C3 CN pa dG.e.. IG haeGOsases clears ee 1.13 knots per 
} 
67 (59. 98|58.53 | 29.43 | 31.05 |..... GOp22 ee viSae dors. 22 EG a ee ¥loce 0.45 knot per 
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Station 


U. S. BUREAU OF FISHERIES. 


DREDGING AND HyproGRAPHIC RECORDS SECURED IN SAN 


Position. 


Chart. 


Lower section of bay. 


Goat Id. Lt., N. 21° E....... 
Ferry Bldg. N. 66° W 
Rt. tang. ission Rk., 8. 33° 


Goat Id. Lt., N. 13° W 
Ferry Bldg., N. 48° W. 
Rt. Tang. Mission Rk., N. 
73° W. 


Goat aa Lt., N. 173° W 
Sha SySe fa: he 
San 
phage. N.45° Wis ncescce 
San Bruno ut.. S$. 25° W. 
Candlestick Pt. NN. 664° W 
Shack. sNiS2>. Wisiewenece = 
San Bruno re: S. 404° W 

No. 2 Beacon, §. 31° E. 

Shag Rk., N. 99° W 


No. 2 Beacon S. 31° E. 

San Bruno Lt., 8. 72° W. 

Shag Rk., N. Ser SEE ae, 

No. 2 Beacon, 8 . 30° E. 

San Bruno Lt., N. 82° W. 

No. 2 Beacon, S 7, Oa eae 

San Bruno Lt., N. 62° W. 

San Mateo Pt., 8. 19° W. 
Middle section of bay. 

Brothers Lt., N. 15° W...... 


Lft. Tang. Red RE., S. 73° E. 
Southam ton Lt., 8. 35° E. 


BlufiiPtz8.17° Bsces sc. ccc- 
Lft. Tang. Red Rk., N. 40° E. 
Southampton Lt., 8. 52° E. 
Scufhamp len Lt., S. 58° E.. 
Bluff Pt., S. 10° W. 

Rt. Tang. Red Rk., N.6° W 

Rt. Tang. Red Rk., N.7°W. 
Site gee aa Lt. 8. 66° E. 
Bluff Pt., S. 454° E. 
Lft.Tang. Ange Id.,S.64° W. 
Southampton Lt., N. 70° E. 
Rt. Tang. Red Rk., N. 14° W. 
Southampton L t., N.10°E.. 
Rt. Tang.Angel 1d. ,N.63° W. 
Lfit.Tang. Angelld., N.51° E. 
Poutiamp tor Lt., WN. 10° E.. 
Blunt Pt. os W. 
Alcatraz it's iy Wis 
Angel Id. Lt., oe 12°E 
Alcatraz Lt., 8. 574° E. 
Lime Pt. Lt, 8. 57° W. 


Outside Golden Gate. 


Pt. Montara Lt., N. 744° E 
8.9 miles. 


Pt. Montara Lt., N. 804° E., 
9.1 miles. 


Pt. Montara Lt., N. 973° E 
8.25 miles. 
Middle section of bay. 


Between Angel Id. and Sau- 
salito. 


5531 |... 


5532 


5532 |... 


5500 |... 


5500 |... 


Oct. 12 


Oct. 19 


-m. 


-m. 


8.27 a. 
9.20 


HB 


9.40 a. m. | 


Character of 
Depth. bottom. 
Fms. 

11 Me i c2ec sao ee 

10; |S) Mosce-e-eeeaeee 
7 | Madde ceeerceeee 
5F | oseine GO. <si2-e gare 
5: diaed dO; 2562 aae-e8 
HM Bee GOs --5-<sseeen 
53 |... dose. sees eseee 
CF a) Been dO. 3-5 ste eoee 
7 | Moves -cee-eeneeee 
7 bese dos sanse dese 

TOY eee dO. ase eee 
an Sec: Os a0. st- eden 
9 | m. 82 scesececaseee 

16° abe s.2 do. sast<--e--8 

p72 esc GOseee esse dees 

144.) brde Ss. --teencecee 

39 | dk. gn.S... 

40 

40 sh. hed O..2 saree 

40 

BO! she cute do. 

41 


DREDGING AND HYDROGRAPHIC RECORDS. 


Francisco Bay, Cauir., 1912-13, anp Marcu, 1914—Continued. 


Temperature. Salinity. Trial. Drift. 
Apparatus 8 Remarks. 
‘ ¥ & | surf. | Botm Depth. ae Direction. 8 
B S on. 2 
</ am = Q 

i ol ae OPS) I . Min. Mi. 

59 (60. 18/59.83 | 31.44 | 31.51] Tur. cse.; 4’| surf. 10 | Against |..... Flood, 1.46 knots 
inter. "#12, and tide. "In sta. of t ‘s 
okey Ek. bot., | botm. date ship went 

ae tide Gwe to 
weather 

61 |60. 88/60.68 | 31.51 | 31.51 }....- OGSe.cesc4|se2 MOs-cc[) LON dOs ccc s-|ac- ee Ploo , 1.92 knots per 

62 (61. 88/61. 78 | 31.36 | 31.36 |..... Cr an Se ae! MO. ns-|seccceehecs Os sreretes tein isina Blond, 1.95 knots per 

te 
61. 78/61. 83 | 30.89 | 31.05 |....- Oe SRonoos ecic oscs.|') Dig s..dOreanccl 5c HNO, 2.16 knots per 
rs 
62, 08/61. 83 | 31.18 | 30.91 |..... G0>.-=- Sod ase GO2<c2)) L0G ss-dOs <a. c+| cee Fico, 1.46 knots per 
r. 
67 (62. 08/62.03 | 31.00 | 31.21 |....- EO ssccpad| bHoe (Ue TU eee ete adisas oe ace 1.39 knots per 
Tr. 

70 (62.18/62. 23 | 30.94 | 31.05 |..... 0 NES SSasanc| te! GOss--|- Li eo Occ oc|eecae Hipee. 1.44 knots per 

70 |62.18)62.13 | 30.87 | 31.09 |..... dO. cesssseeleee GOss5-|-oeceec}eas Ct Saeed bcd ae Hlose, 1.59 knots per 

59 |60. 18)59.53 | 28.25 | 29.50] Tmr. cse. ;4’|} surf. 44 | Against |..... Preliminary reading. 

60. 18/58. 83 | 28.02 | 30.11 ee Te #2, an d tide. See 0.15 knot per 
otm., 

er m. 

59 (59. 88/58. 28 | 28.68 | 30.06 |..... ot cdariosd eee Goce. |e lO eee O nee | aca ae 0.68 knot per 
r. 

59. |57. 78/57. 53 |....-.. 28. 58) |--2<< dOsesaceccel sae do... 9) |p acdO., tacc|senns Flood; 1.48 knots per 

60 |57.98|57.48 | 31.53 | 31.66 |..... doieest ole dos. 10). Rocloseces lace ae Flood, 1.46 knots per 
r. 

61 (58. 48/57.68 | 31.12 | 31.66 |....- GOvacerccss|aaedOssss|) 10) ipo G0nia ese ceace Hlood, 1.18 knots per 

rT; 
62 |67. 08/56. 48 | 32.08 | 32.18 |..... OMA ere sosleecOOzces| . 10> \|bo-dotea--cieaeas Miped 1.36 knots per 
z=; 

56. 78/56. 13 | 32.29 | 31.99 |....-. OOtadacccestaats do:...| 10) |b 00¢.ce.. deans Eee 1.39 knots per 
Fs 

64 /55.68)56.13 | 33.06 | 32.53 |....- GOseacccccalaee do... 10). ss Ome s5--|'5 gam Hine 1.25 knots per 
r. 

53 53. 68/49.66 | 33.81 | 34.14 | 12’Ag.;19’’dr.;| surf. 26° ||} 2663°s.. «55 1.5] Ebb. On_ fishing 

Ek.bot.Tor.| and grounds. Cable out 
ese.;4’inter.;| botm. 120 fms. Inter. 
#12, "#20. Sr mey a .21; inter. 
sal., 34.1 
[NY OMIE- AES Re, ae Bee ee Bee 12’ Ag.; 19’ dr.| botm...} 20 | 2664°...... 1.5| Ebb. On_ fishing 
} rode, Cable nat 
Ss 
56 |53. 88/53.21 |....... TEESE 12’ Ag.;19’’dr.; | botm 344 | 2694°...... 1.5] Flood. On fishing 
| Ek. bot.; Tur. and grounds. Inter. 
cse., 4’ inter.; surf. temp., 51.76; inter. 
#12, #20. sal., 34.08. 
ween oanse| saeens as 4’ inter.; #12, | surf....| 20 | Against |..... 
#20. tide. 
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U. S. BUREAU OF FISHERIES, 


DREDGING AND HypROGRAPHIC RECORDS SECURED IN SAN 


Position. 


D, 5788 
H.. 5221 


D.5789 
H.. 5222 


D.5790 
H. 5223 


D.5791 
H. 5224 


D. 5792 
H. 5225 


D. 5793 


D. 5794 


D. 5795 


D. 5796 


D. 5797 


D. 5798 


D. 5799 


D. 5800 


D. 5801 


D. 5802 


D. 5803 


D. 5804 


Outside Golden Gate. 


Farallones Lt., N. 113° E 
2.8 miles. 


Farallones Lt., N. 424° W 
3.9 miles. 


Farallones Lt., N. 803° W 
5.4 miles. 


Farallones Lt., S. 874° W 
8.8 miles. 


San Francisco Lt. Ship, N. 
37° E., 1 mile. 


Upper section of bay. 


Carquinez Lt., N. 244° W 
Rie plate. Selby Whf., 


ne: ae Crockett Whif., 
N. W. corner Crockett Whf., 
N. 274° W., 0.25 mi. 


Middle section of bay. 


Rt. Tang. AngellId.,S. 27° W. 

Lit. Tang. Angel Id., S. 
783° E. 

Southampton Lt., N. 75° E. 

ee Tang. Angel Id., S. 334° 


aa Tang. Angel Id., S. 804° 


Bluff Pt., N. 84° W 
Rt. Tang. ’ Angel Id., 8. 78° W. 
Lft. Tang. Angel Id, 8.7° W. 
Southampton Lt., N. 614° ER. 
Rt. Tang. Angelld., N. 41° E. 
Lit. Tang. AngellId., N. 4° W. 
Southampton Lt., N. 814° W. 
Rt. Tang. Angel Id., S.70°W. 
Lit. Tang. Angel Id., S 
33° W. 
Southam ton Lt., N. 67° E. 
Alcatraz sis iio Oe 
Angel Id. ti, N.14° E. 
Lime Pt. Lt. 8. 663° Ww. 
Alcatraz Lt.,S. 703° E....... 
Angel Id. Et: a 324° E. 
Lime Pt. Lt.,S. 574° W. 


Lower section of bay. 
Rt. Tang. Mission Rk., N. 
82° W. 


Goat Id. Lt., N. 2° W. 
Petey eis oN. 484° W 
aly ‘ang Mission Rk., N. 


Goat ih Lt., N. 18° W. 

Bi ‘Avisadero, Ss. =, laa 

Shag Rk., S. 894° W......... 
San Bruno Lt., S. Rye Wit 
Pt. Avisadero, ’N. 62° W. 


Chart. 


Cc. 8. 
5500 


5500 


5500 


5500 


5500 


5533 


5533 


5532 


5532 |. . 


5532 |. 


5532 |. 


5532 |... 


5532 


Datervifing ene of 


day. 


1912. 
OotAg20 tl otc se 


Ochs. 28 csoaseuectas 


S20 Ol es a4) Rug ctatine cee 


Ot 295 | eeeneeaccee 


Bas 0 nk ed Rec 


5532 |... 


5531 


5531 }.. 


5531 


Depth. 


Character of 


bottom. 
ine. £n.iS.-25-ssae 
eer do:t.. 5.9355e 
St scaie chose eee 
Si. cceseeuneeeeeee 


bk. M., gy. bn. S.. 


bn.S., gy. bk. M.. 


DREDGING AND HYDROGRAPHIC RECORDS. 53 


Francisco Bay, Cauir., 1912-13, anp Marcu, 1914—Continued. 


Temperature. Salinity. Trial. Drift. 


Apparatus. Remarks. 


Surf. | Botm. Depth. Dura- 


eon Direction. 


Distance. 


: : : Min. Mi. 

55 |52. 38/48. 76 | 34.16 | 33.99 ] 12’ Ag.;19’’dr.;} botm. 20 | N.563°W.|1.0 | Messenger on inter. 
4’inter.; Tnr. and therm. failed to re- 
cse.; #12, #20; surf. lease till brought to 
Ek. bot. surf. Botm. sam- 
ple and readings 

approximate. In- 

ter. temp., 49.71; 

inter. sal., 33.99. 

; Ebb. 

55 152. 58/48. 86 | 34.16 | 34.31 |..... Ce Saree ee do:.-- 20 | N.69° W..|1.0 | Inter. sal., 33.83; in- 
Lea temp., 52.31. 


52. 68}...... BaNSO i leacestne| some c GOssasccncclaae do....| 20 | S.61°E.../1.0 | Ebb. Botm. therm. 
did not trip. Inter. 
temp. 49.51; inter. 
sal., 33.92. 

54 |52. 38/49. 56 | 33.87 | 34.27 |..... Cs oe ince doss--| 20) Gie.-doen. oes 1.0 | Ebb. Lost sounding 
lead after lifting 
from water. Inter. 
temp., 49.31; inter. 
sal., 34.01. 

53/51. 88)...... AIRES) | oR se A ae WOcecccovecleacOOscce|)  cOlaisesdQee sae 1.0 | Botm. Ek. bot. failed 
to trip. Ebb. In- 
ter. temp., 51.81; 
inter. sal., 34.03. 


Mame sae eal seemice | sim ceei5|=siacccs OY} Olace cade -s||(DOLRI.- 6 | S.81°E..|.45| Flood. Towed 


astern. 
12 So CE ee | Baler ne Om eR TAO aa ER Ay de a Do. 
Pg 100 | eae | CR Ee ee Oys: drs28o. ce botm... 13 | N.31° E...| .5 Do. 
Wy 0] ces eae Pe ed Pa dows ee seeelece do...- 9 | N.31° E...| .55 | Flood. 
TSU] Deane ee Set ee Besld gat ye sentoee do.... 74 |] N.34° W..] .58 Do. 
LYELL Seba | ee Bae ea eeere 5’ sldg.; m. b..]_.. do....| 20 | N.274° W./1.3 Do. 
Ny AU ees 4 ale ge Tae Pee i lea Ci TRE SR He ca do....} 20 | N.364°E..| .8 Do. 
[ile Alt ae) Paes | ee eee ee Oys: tse. .8|ees00.-2 - 54 | S.25° W..| .45 | Ebb. Dr. caught 
several times regis» 
. tering over 5 tons, 
“AS SPE Ss 4 ORS RE | SRE Ol eee GOs 20 's.5, Saeed Osoce 4 |S.35°W..|.5 | Ebb. Accumulator 
| registered 5 tons. 


“odc| Se eel eR ee mbes 5’ sldg.; m. b..| botm... 2 | S.844°E..].4 | Flood. Towed 
astern. Bridle 
lashed to frame 1’ 
on each side. 

=| (GEE -| Reda) Xa ed Poe satinaGOnesocosdaleendO....|, 12 | '8.4¢°. Bo. 2]. OG peevomole, Oo Wed 
astern. 


2863 Stel Aeron Reade a Rees BU glde. coos cculeseG0-s.-| 20 || S,54° Beli Do. 


54 U. S. BUREAU OF FISHERIES. 
DREDGING AND HyDROGRAPHIC RECORDS SECURED IN SAN 
Station A 1 
sys Time of Character of 
ee Position. Chart. Date. day. Depth. dita 
Lower section of bay—Con. 
C. 8. 1912. Fms. 
D.5805 | Shag Rk., N. 564° W..-.....- oDeLe|SOctenBpON|so-e25 eee 5+ | Sit. Mato ce 
San Bruno Lt., S. 35° W. 5 
Candlestick Pt., N. 71° W 
Outside Golden Gate. 
D.5806 | San Francisco Lt. Ship, S. 55001] INOvis, (4c sssce. suf. 142) SJ... 22 .Stoceceeee 
H. 5226 754° W., 2.5 miles. 13 
D. 5807 | Mile Rk. Lt., N. 79° E., 3.6 5000) | doce s|s2 semen ete oe ee ES oe oo: 
H. 5227 miles. 9 
Middle section of bay. 
D.5808 | Bonita Pt. Lt., N. 82° W..... SOS2N NOVew 4, |nfeeenccce 43) 82, GutSteacese eee 
H. 5228 | Fort Pt. Lt., S. 86° E. 27 
Lime Pt. Lt., N. 44° E. 
D.5809 | Bonita Pt. Li. N. ae Vivo! 508243 <A OLS. ste eaisesie fects 53 4.<003 2 eee see 
Fort Pt. Lt., S. 764° E 214 
Lime Pt. Lt., N. 503° EB 
Midems sa fOt PtsReyes: och s3sde.ececc|eeccsessenece INGyis: 16) En Scones 28 | Si.coc oeeeeseeeeee 
30 
Lower section of bay. 
D.5810A} San Bruno Lt., N. 444° W... BOS LG MNOVe ulaleeseeeeeeeee 12 | \Sh.,. M2 eee eee 
H5229A| No. 2 Beacon, S. 87° E. 
San Mateo Pt., N. 84° W. 
D 5810B] No. 2 Beacon, S. 87° E......- HOS fe MOssccal qacaceeeeree Ih | s.g22eeee hese 
H5229B} San Mateo Pt., N. 84° W. 
San Bruno Lt., N. 444° W 
D.5810C}....- Tomes Vleet: | BES 1.) ond Oneal ee ee eae 14). eee 
H.5229C 
H. 5230 | No. 2 Beacon, S. 87° E....... OSL) asd Orc ee | eeceenoeisse 1: | Mice cakes 
San Mateo Pt., N. 84° W. 
San Bruno Lt., N. 444° W 
D.5811A| San Mateo Pt., N. 63° W.. 5O8a 52.00.26 1 |h- cee waste ee 1. (Shs, Mi see eetomerte 
H.5231A| San Bruno Lt., N. 334° Ww. 
No. 2 Beacon, ‘Rast. 
D,.5811B; San Mateo Pt., N. 52° W....- ET ape Ce saserl beadeoeageac Lipa: B22 dO: 4 jese4- Sn 5e 
H.5231B} San Bruno Lt., N. 32° W. 
No. 2 Beacon, N. 874° W 
D.5811C} San Mateo Pt., N. 53° W.. BUS) IBAA Sansa) besoasceen oe 2 | Sh. Mes sess 
H.5331C} San Bruno Lt, N. SLAW 
No. 2 Beacon, §. 89° E. 
H.. 5232 | San Mateo Pt., AG & Ws BS) D RSe (Sere (sseqqsesecoc 1 BERS osesecocs once - 
San Bruno Lt., ae 
No. 2 Beacon, BS 5° E 
Middle section of bay. 
H. 5233 | Brothers Lt., N. 174° E...... 5532 | Nov. 25} 8.02a.m. 7 «| Me. 34ee3ee see oee 
Lft. Tang. Red Rk., S. 67° E. 
Southampton Lt., $. 33° E 
H, 5234 | Bluff Pt., S. 32° EH ........... 5532'|..-d0..... 8.34 a. Vol satos CU eadar occ - 
Lit. Tang. Red Rk., N. in 
Southampton Lt., '§. 49° E 
H. 5235 | Bluff Pt.,S. 184° W......... 5532 |...do..... 9,03 a.m 7h Use GUE Gace ace oe 
Rt. Tang. Red Rk., N. 4°E 


Southampton Lt., 8. 544° E 


DREDGING AND HYDROGRAPHIC RECORDS. 


Francisco Bay, Cauir., 1912-13, anp Marcu, 1914—Continued. 
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Temperature. Salinity. Trial Drift. 
Apparatus 8 Remarks. 
’ . g Surf. | Botm Depth. pas Direction. 8 
2 2 = A 

SR Fa) °F. . Min. Mi. 

2) a es ee eee POF Ge Se botm . 20 | 8.58°E...|0.46 | Flood. Towed 
astern. 

56 53. 88/51. 91 | 33.09 | 34.03 | 12’ Ag.; m.b.; | botm. 20 | S. 284° W.|1.0 | Ebb. Vertical tow- 

Ek. bot.; and net haul. Inter. 

Tnr.cse.; 4’ surf temp., 53.51: inter. 
inter.; #12, sal., 33.35. 

62 08/53. 36 | 32.81 | 32.93 |..... i i fos Seana be te dor: 21 | S. 693° W./1.3 | Ebb. Vertical tow- 
: net haul. 

5- El E R54 (SASS ee ee De oys. dr.; 4’ | botm. 9 | S.44°W...| .95 | Ebb. Vertical tow- 
inter.; #12, and net haul. 
#20. surf i 

22nd 2 écRS basse! FMR RSS Se ee) ee (Glee Se esoe| (loreri ree 15 §.54° W... |1. 15 Do. 

soog kocee Hance Baaeaee Beeeeee seine.....-.=--|..:do....| 90 |.......:...-16.0 | 2hauls. Trip made 
witn Paladini Fish 
Co. 

..--/57. 83/56. 93 | 31.40 | 31.21 | oyster tongs; | botm. |....... Anchored.|._... On oyster beds, Ea- 

Wik DOt.: and ton beds, southern 

Tur. cse surf. beds. Operations 
conducted from 
scow. 

a5 =. (57.18/56. 18 | 31:42 | 31.36 |....- do ee mys Coe (ap re dozzehse2|sse5: Do. 

Eses(or.d006.50 | 31.40 |... 2.2]. 2226 Glee eee do.2 22/252 5 [8 OOicsn os |oc- 20 Do. 

il Bee Sa Cketael beat ee meee we Ek. bot.; Tnr. | surf 10 | Cirele.....!.....] Ebb. Towed around 
cese.: #12, #20. and Eaton oyster bed. 
4’ inter. botm Operations con- 

ducted from 
launch. 

..--|07- 53/57. 18 | 31.51 | 31.44 | oyster tongs; | botm. |....... Anchored .|._... Ebb. On Moraghan 
Ek. bot.; and bed; N. E. fence. 
Tnr. cse. surf. Operations con- 

ducted from scow. 

.--.|07. 63/57. 93 | 31.51 | 31.60 |_.... Gone ao..357 eNO s aes Sete ceynns GOsse-# os} oe Ebb. On Moraghan 
bed; S. fence. Op- 
erations conducted 

: from scow. 

Be, 107183107693.) 61.50) |-2-— 5 2-122 < Os See Bat Oses. [4a sce) d0-...2226 hes Ebb. On Moraghan 
bed; W. fence. 
Operations con- 
ducted from scow. 

(4) AAS Besos) Kees Bea es Ek. bot.; Tnr. | surf 10 | §.57°E...| .33 | Ebb. Down 
ese.; #12, #20; and fence of Moraghan 
4’ inter. botm bed. Operations 

conducted from 
launch. 

52 54. 03/54. 43 | 27.26 | 28.60 | Ek. bot.; Tnr. | surf 2)” Against: |. ...: Flood, 0.19 knot per 
ese.; 4’inter.; and tide. hr. Towed 8 min. 
$12, #20; Pre botm under way. Tow- 
m. net #20 was fouled 

on inter. and did 
not function. 

52 (53. 83/54. 33 | 26.66 | 29.82 |..... Gore. tices Bape cc!) » LGR Msc GO ste tas} a Flood, 0.79 knot per 
hr. Towed 5 min. 
under way. Tow- 
net #20 badly torn. 

63 (53. 93/53. 98 | 29.10 | 31.07 | Ek. bot.; Tnr. |...du....| 11 |...do....-.]..... Flood, 1.07 knots per 
ese.; 4’ inter.; hr. Lost the water- 
#12; Pr. m. sample dipper. 


56 U. S. BUREAU OF FISHERIES. 


DREDGING AND HyprRoGRAPHIC REcOoRDS SECURED IN SAN 


Station 


sale Time of Character of 
ag Position. Chart. Date. day. Depth. ottand 


H. 5236 | Bluff Pt., 8. 40}° W.--5.--- "5532 | Nov. 25| 9.22a.m. 74 |M 


H. 5237 | Southampton Lt., N. 60° E-.. 5532 


H. 5238 | Southampton Lt., N. 19° E.. 5532 |...do..... 10.06 a. m. fa) |e do.!.. te 
Rt. Tang. Angel Id.,N. 67° W. 
Lft. Tang.Angel Id.,S.35° W. 


H. 5239 | Southampton Lt., N. 5° E-.. BGR) ye (6 eee 10.28 a. m. v7 NB PYRE dow. 238 eee 
Blunt Pt., N. 81° W. . 
Alcatraz ite: S. 30° W. 

H. 5240 | Angel Id. Lt., N.-11° E...... 5532 |..-d0_-..- 11.04.a. m. ME Beene GO.ts2c-ss-—e 
Alcatraz Lt.,S. 56° E. 
Lime Pt. Lt., S. 62° W. 


Upper section of bay. 


H. 5241 | Carquinez Lt., N. 264 W....- 5533 | Nov. 26 | 10.37 a. m. 93/8 
ut. ene: Crockett Whf., S. 


Rt. Tang. Selby Whf., S. 39° 


H.5242 | Mare Id. Lt., N. 50° W....... 5533 
Carquinez Lt., N. 23° E. 
Lft. Pane, Crockett Whf., S. 
hee 


H.5243 | Lone Tree Pt., S. 40° E...... ESE Ee ol Rass 11.46 a. m. Gos lisceee (c (ores, 
Mare Id. Lt., N. 65° E. 
Pinole Pt., 8. 494 W. 

H. 5244 | Lone Tree Pt., S. 83° E.....- 5533 
Pinole Pt., S. 38° W. 
Mare Id. Lt., N. 64° E. 5 

H.5245 | Brothers Lt.,S. 284° W...-.. 5583 |2eedOuseee 1.04 p.m. 6# |28ce GOs cweccaes see 
Pinole Pt., S. 75° E. 
Rt. Tang. Sisters, 8. 513° W. 

H. 5246 | Brothers Lt.,S. 274° W...--. 5533 |. 
Rt. Tang. Sisters, S. 61° W. 
Pinole Pt., N. 744° E. 

H. 5247 | Brothers Lt.,S. 4° E........ iSou ee Osses 1.58 p.m. 12%) |) hrdl Miseeet eee oe 
Lft. Tang. Sisters, N. 344° W. 
Lit. Tang. Marin ids., S. 573° 


Pee eee 


mee dOreent 11.07 a. m. 8k | Mee. cohecc ome 


Lower section of bay. 


wee ee ewe eee eee 


H. 5248 | No. 2 Beacon, 8. 31° E....... 5531 | Nov. 27 | 10.29 a. m. 64 | M 


H. 5249 | Shag Rk., N. 28° W.......-- 5531 See doses 11.05 a. m. Dial oan pe Lee See B55 = 
H.5250 | Shag Rk., N. 39° W.......-. 5531 |... 
H.5251 | Shag Rk., N. 33° W......... 5531 
H.5252 | Shag Rk., N. 55° W.......-- 5531 |...do....- 12.18 p.m. + | ee dou ceceuae 
H. 5253 | Goat Id. Lt.,N.17° W...-.. 5531 |...do....- 12.51 p.m. 93 |..... dossss-sssee 


H.5254 | Goat Id. Lt., N. 15° W...... 5531 |...do....- 1.23 p.m. 10} [43 doles ae-tes 


H.5255 | Goat Id. Lt., N. 20° E....... 5531 |...do..... 1.58 p.m. 19¥ fou tes Ow ics aoe nee 


N. 56° 
Rt. Tang. Mission Rk., S. 
33° W. 


‘ 
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FRANCISCO Bay, Cauir., 1912-13, AND Marcu, 1914—Continued. 


Temperature. 


alts 


| Net 


54 (53. 73/53. 98 


58 


56 


51 


56 


56 


57 


69 


54. 03/53. 98 
54. 03/53. 93 


53. 83]53. 88 


53. 73/53. 58 


53. 23/53. 98 


53. 53)53. 73 


54, 63/54. 18 
54. 33/54. 38 
54. 33/54. 18 
54. 73|54. 08 


54. 03/53. 98 


55. 53/55. 18 


69. 5/55. 43/55. 28 


69 |55. 23/55. 18 


68 


70 


55. 03/54. 98 


54. 53/54. 43 


54. 53/54. 08 


54. 53/53. 93 


Salinity. Trial. Drift. 
Apparatus eg Remarks. 

Surf. | Botm. Depth rg Direction. 8 

A 
BS. G25 25.3 Ek. bot.; Tor. | surf. 11 | Against |... Flood, 1.36 knots per 
ese.; 4’ inter.; and tide. hr. 
12. botm. 

28.68 | 30.98 |..... GOs ec tsecinse Ores lon cGO.- -ae|ea eae Flood, 0.87 knot per 
hr. Ek. bot. not 
opened before low- 
ering. 

30215)| 31.41] EE. bot.; Tnr. |..-do....| | 10) |.-do-.-:.... Flood, 0.92 knot per 

ese.; 4’ inter.; hr. 
#12, #20; Pr. 
m. 
C3 EEO (ASS IEE: 26) ee» Ca oes eee Deere Goss] Mila |se<do-.~ <ce|h2e.% es 1.17 knots per 
i 

32.14 | 32.28 |..... (ic Saneeeee | eae Gasks||" TOs tetdo. vee ce ey 2.39 knots per 

be 

14.29 | 20.38 | Ek. bot.; Tnr. |} surf. 64 | Against |..... Flood, 0.09 knot per 

ese, ; 4’ inter.; and tide. hr. Inter. towed 
#12, #20; Pr. botm, while under way. 
m. 

14.62 | 21.35 |..... GOccesosesatse8 MOr.c-|() LOW ss-dOn n= 2 ss [acees sti 1.27 knots per 

re 

17.40 | 22.92)]..... Golee sQ0z 52 94 | With tide.]..... he 1.54 knots per 

Ts 

22858) 20s Gai sce seUOun. see. 2-2 do... 10 | Against |...-- Flood, 1.31 knots per 

tide. hr. 

2649 2854246 35. 002-8. 2 |i Gos=24)) S10 ado. ces|s 5055 Hleed; 0.75 knot per 

ie 

25.85 | 28.26 |....- GOfe en ck s|es do... LO sdOe ec asetcaccs ae, 0.44 knot per 

r. 

26. 87 | 30.20 }..... (0 [v8 See ese do... 15 | With tide.|..... Ebb, 1.31 knots per 
hr. Net towed for 
5 min. with tide. 

29.60 | 30.11 | Ek. bot.; Tnr. | surf. 10 | Against |]..... Flood, 0.67 knot per 

ese.; 4’ inter.; and tide. hr. 
#12, #20; Pr. botm. 
m. 
29.60 | 29.16 |..... dO. cbiswccea|eee do... 9) Ws 2dO sr eeee | asec ya) 0.87 knot per 
r. 

28.28) | 290.16: | o20 054 ssosaaleee Go:.5 M4 SAO Oedy s55 [heures Flood, 0.86 knot per 
hr. Net towed 4 
min. 

28.77 | 28.40 |..... MOU. :.wopaleee Go.--5 1 Le ON age e Fo pape Ed patel Be 0.657 knct per 

I. 

2: Pes! Ss dos. .cesleee do. iV eels Ua pee ep el aca Flood, 0.87 knot per 
hr. Net towed 7 
min. 

226601 SO: 2hite 2 —. GOs)... .ceenleas do. US He [eek Fe een ea Flood, 0.79 knot ied 
hr. Net towed 3 

min. 

29. 43 | 30.43 |..... G0; .% ose canis do... 1 INE | Gees (0 a iprenal aee2 Flood (nearly slack), 
0.26 knot per hr. 
Net towed 4 min. 

30. 35 | 30.82 |..... GOs6. se tealeee do....| 13 , With tide.|..... Beginning of ebb, 


63 


54. 63/53, 88 


| 


0.56 knot ps br. 
Net towed 3 min. 


58 U. S. BUREAU OF FISHERIES, 


DREDGING AND HypROGRAPHIC REcORDS SECURED IN SAN 


| 
Station ; 
oye Time of Character of 
aor Position. Chart. Date. day. Depth. bottom. 
Lower section of bay—Con. 
Coss 1912, Fms. 

D.5812A| No. 7 Beacon, S. 73° E., 0.7 5531 | Nov. 27 | 10.59 a. m. 1) |- Sh. Mixon 
H.5256A| mile. 
D.5812B| No. 7 Beacon, N. 63° E., 0.85 5531 |...do.....| 11.20 a. m. 1 | Moke 
H.5256B mile. 
H.5257 | No. 7 Beacon, N. 63° E., 0.79 O53!) 5. <dosseee 11.33 a. m. a eae ae 0510-4 aeee 

nile. 
D.5813 | No. 7 Beacon, 8. 24° W., 0.46 5531 |...do....-. 12.48 p. m. 1d So. 2dOee Se eee 
H.5258 mile. 
H.5259 | No. 7 Beacon, S. 2° E., 0.5 5631" |. do0...-- 1.02 p.m. Te eae dorene-- dose 

mile. 
D.5814A| No, 4 Beacon, N. 55° E., 0.98 5531 |...do.....| 2.47p.m. 1} 1) ML, Shicecescdeceen 
H.5260A| mile. : 
D.5814B} No. 4 Beacon, N. 55° E., 0.81 5531 |...do..... 3.02 p.m. 1 | Me ceeeeee Be gots 
H,5260B) mile. 
H.5261 | No. 4 Beacon, N. 513° E., 0.81 5531 |...do....-. 3.16 p. m. W cated docmeceee ae 


mile. 


Upper section of bay. 


H.5262 | Brothers Lt., 8. 94° E....... 5533 | Dee. 3 | 10.16 a.m. 12:1 hed: Mite. cee 
Lit. Tang. Sisters, N. 29° W. 
Lft.Tang. Marin Ids.,8.56° W. 


H.5263 | Brothers Lt., S. 23° W....... FSS a Opaoe 10.49 a. m. 7.) Mi .kccspestaasenee 
Rt. Tang. Sisters, S. 644° W. 
Pinole Pt., N. 723° E. 
H.5264 | Brothers Lt., 8. 30° W....-.-. 55300 |seeG0s.2ee 11,18 a. m. eal ae Onde ee eee 
Pinole Pt., 8. 77° E. 
Rt. Tang. Sisters, 8. 534° W. 
H.5265 | Lone Tree Pt., S. 844° E..... DSO eee OOscsee 12.05 p.m. Dee ee rs (0 ers spats 4 
Pinole Pt., 8. 36° W. 
Mare Id. Lt., N. 64° E. 
H.5266 | Lone Tree Pt., 8. 37° E...... 5533 |...do..... 12.44 p. m. i! By ae Bee CO NAF BeScs Bean: 
Mare Id. Lt., N. 623° E. 
Pinole Pt., S. 503° W. 
H.5267 | Mare Id. Lt., N. 42° W...... Dosculeee dOseeee 1,25 p.m. SE dec Cs (0 Pa ce 
Carquinez Lt., N. 694° E. 
Li vane: Crockett Whf., S. 
H.5268 | Carquinez Lt., N. 344° W.... 5533 |...d0..... 1.48 p.m. 123 |. 85.5.2. 32s eeee 
Lft. Tang. Crockett Whf., S. 
72° E. 
A eee Selby Whf., S. 48° 


Lower section of bay. 


H.5269 | Goat Id. Lt., N. 15° E....... 5531 | Dec. 41] 9.598. m. LO" Sot. cen coer 
Ferry Bldg., N. 73° W. 
Rt. Tang. Mission Rk., 8. 
354° W 


H.5270 | Goat Id. Lt., N. 164° W..... 5581 |...do..... 10.40 a. m. OR peices 6 Ce Bees Sia 
Ferry Bldg,, N. 523° W. 
Rt. Tang. Mission Rk., N. 
764° W. 


DREDGING AND HYDROGRAPHIC RECORDS, 
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Francisco Bay, Cauir., 1912-13, anp Marcu, 1914—Continued. 


Temperature. Salinity. Trial. Drift. 
Apparatus 8 Remarks. 
= | g | Surf. | Botm Depth. | PU"! irection. | 8 

Si5] 8 ‘ Le 

</|@Q2 oa) A 

5 4 hdd GAN AB F Min Mi. 

68 |54. 23/54.41 | 30.89 | 31.27 | oyster tongs; | botm. |....... Anchored.|..... Flood. Dumbarton 
Ek.bot.;Tnr.| and No. 2 oyster -bed, 
ese. surf. nearcamp. Opera- 

tions conducted 
from launch. 

68 |54. 23/54.31 | 31.36 | 31.27 |..... GO actecceilecs dos-.-| 5. aeedlews dole secshs sacs Dumbarton No. 2 at 
some distance. Op- 
erations conducted 
from Jaunch. 

“a He 8 I Ce See 4’ inter.; #12,| surf 10) Al secwsene ees os <> Flood. Townet haul 

: and between A and B. 
botm Operations _con- 
ducted from 

launch. 

67 |54. 93/54. 76 | 31.05 | 31.18] oyster tongs; | botm. ]....... Anchored .|..... Flood. Mowry oyster 
Ek.bot.;Tnr.| and bed. Operations 
ese. surf. conducted from 

launch. 

fe Lith (AAS ee (RES Sa (Ee A 4’ inter.; Ek.} surf LO} He aaee btcleeaye Flood. Townet haul 
bot.; Tnr. and in Mowry oyster 
cse.; #12, #20. botm bed. Operations 

conducted from 
launch. 

61 |55.23/55.31 | 30.11 | 30.11 | oyster tongs; | botm. |....... Anchored.|..... Ebb. South Bel- 
Ek. bot.;Tnr. and mont oyster bed. 
ese. surf, Operations con- 

ducted from 
* launch. 

60 |55. 13/55. 26 | 30.74 | 30.74 |..... dos coca aenlocs (6 RE Re | OP 1s Ae [Ae Ebb. South Bel- 
mont oyster bed; 
another point. Op- 
erations conducted 
from Jaunch. 

Tin hae Sel AOR eae Be 4’ inter.; #12,) surf 10) No ssseteesseloseee| Bbbs_ “Townet, haul 

and in South Belmont 
botm oyster bed. Oper- 
ations conducted 

from launch. 

51 |52. 73/63. 03 | 26.71 | 28.95 | Ek. bot.; Tnr.| surf. 11 | Against |..... Ebb, 1.80 knots per 
ese.; 4’ inter.; and tide. hr. 

#12, #20; Pr. botm. 
m. 

51 |52. 73/52.98 | 25.97 | 28.02 |....- Ca (eee es ee do... TORAH Oe a ctas lees EP 1.23 knots per 

51 |52. 73/52.98 | 24.03 | 26.32 |..... G Cee ee eel ied doz... WY) See dOs- caca|aeeee EDP, 1.31 knots per 

68 (52. 73|52.98 | 17.33 | 24.52 ]..... Got i353. lee do.... CP Bae aan ee ae EPP 1.50 knots per 

69 |52.63/52.83 | 17.47 | 22.13 |..... (SE Ree see do.... Shi. dO' pee aeateeese wk 1.74’ knots per 

70 (51. 73/52. 23 | 13.75 | 14.20 |....- Cl eee) oe do... ied. tO aeet sles bb, 1.88 knots per 

Yr. 

69 |52. 33/52. 23 | 13.37 | 17.40 |..... COs 56s castaete M0-s<. ACT, Bee eae Presets ae 2.89 knots per 

rm 

51 |52. 83/51.98 | 29.04 | 31.12 | Ek. bot.; Tnr.| surf. 13 | Against |..... Ebb, 1.39 knots per 
ese.;4’inter.;} and tide. hr. 

#12, #20; Pr. botm. 
m. 

51 (52. 93/52.98 | 29.50 | 28.88 |..... GOs. ss0 -oeeleen ao-2-- Ass 0. -)c 24) ose ‘led 2.05 knots per 

rs 
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Station 
num- 
ber. 


H.5271 


H.5272 
H.5273 
H.5274 


H.5275 


H. 5276 


H.5277 
H.5278 


H. 5279 


H. 5280 
H. 5281 
H. 5282 
H. 5283 


H. 5284 


D. 5815A 


D. 5815B 


D. 58164 


U. S. BUREAU OF FISHERIES. 


DREDGING AND HypROGRAPHIC REcoRDS SECURED IN SAN 


Position. 


Lower section of bay—Con. 


Goat Id. Lt., ee Wee 3 
Shag Rk., s. 60° 
San Bruno is Sele aw 


Shag Rk., N. 51° W......... 
San Bruno ES ee vo 
Candlestick Pi. N. 763° W 

Shag Rk., N.34° W....-...- 
San Bruno Lt., 4s. 394° 
No. 2 Beacon, 8. 29° 
Shag Rk., N. 264° 
San Bruno we, 


No. 2 Beacon, 8. 34° E......- 
San Bruno Lt., a 67° Ww. 
San Mateo Pt., S. 103° W 


Middle section of bay. 
Angel Id. Lt., N. 113° E 


Alcatraz Lt., 4 533° E. 

Lime Pt. Lt, 8. 60° W. 
Southampton TtewN.i9r Bee. 
Blunt Pt., N. 44° Ww. 
Aleatraz a 8.31° W. 
Southampton Lt.,N.174°E.. 
Rt, Tang. Angel "ta, N. 57° 


Lit, Tang. Angel Id., 8. 414° 


Southampton Lt., N.634° E 
Rt. Tang. Red Rk.,N.11° W 
Lft. Tang. Angel 1d., $.1°W. 
Southampton Lt., $.74° E.. 
Bluff Pt.,S. 443°W. 

Rt. Tang: *Red Rk., N. ay 
ye ears Lt.,8. 604° E 
Bluff Pt., S. 94° W. 

Rt. Tang. Red Rk.,N.6° E. 
Southampton Lt. §.52° BE... 
Blutf Pt., S. 19° B. 

Lit. Tang. Red Rk. mak 48° FE 
Brothers Lt., N. rE Rp ope aed 
Southampton Lt.,S. 333° E. 
Lit. Tang. Red kk., S. 63° E. 


Upper section of bay. 
Lit. See Crockett Whf., 


ees Lt., N. 4° E. 
Se ee Selby Whf., S. 


sence 


Lit. wat Crockett Whf., 
S. 72° E. 


Carndines Lt., N. 49° W. 
Beas 3 Selby Whf., S. 


594° W 

Carquinez Lt., N. 63° E..... 
Oleum Pt., S. 32° E. 
Mare Id. Lt N. 338° E. 


Chart. 


C.8. 


5531 


5531 


5531 


5531 |. 


5531 |. 


5531 


5532 


5532 


5532 


5532 


5532 |.. 


5532 |. 


5532 |. . 


5532 |.- 


5533 


5533 |.. 
5533 |... 


5533 


5533 - uw! 


-Character of 


Time of 
Date. day. 
1912. 

Dec. 4] 11.19a.m. 
Ls dOwsesr 11.48 a, m 
SRE (cases 12.20 p. m 

G05. -- 2.48 p.m 

a2 00 sone 1.11 p.m 
scones 1.38 p.m 

Dee. 5] 9.49a.m 
eee dOb- =n 10.25 a, m. 
..200.....| 10.564. m 
eetGOee eos |/ LL 2318.70 

5G0---. |) 11-02\a. m1 
eedOseeen|) 22.1) pees 
400.222 |(12:40 pom: 
ao Ce RAR ar: 1.12 p.m 
Dec. 9 | 11.23 a.m. | 
| 
.do.....| 11.33 a. m. | 
do.....] 12.09 p.m. 
Aes Cee 1.00 p.m 
| 
do..... 1.08 p.m. 


Depth. bottom. 
Fms 

8 Mey Re rece eee 
An ee dOw2)5-5-eebess 
Ve aes) do. sa seeee 
De nee do Pe se se 
OM oe ok do. Aan. eee 
A (SB | Cs (oes sees 
144 | hrds Sica eeeeeeeaee 
192 "mS. eaters 

GR eoees do..25 
Sk... dOsceseaee eee 
8 Misbscsosdeesesseee 
OR)... 2d Ose eee ee 
7 :d0s22 eee 
Dre le cya dO: eset eke 
7 |s. Me Mo seeeceeee 
13) 5/amJSiSshepeeeeseee 
93) ‘M.(Sh.s.esctaseens 


o eee eer rh eee 
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52. 43)52.38 | 31.75 


52. 53/52. 38 
61 |52. 53/52. 63 
62 |52. 63/52. 68 
52. 53/52. 63 


52. 03/52. 48 


Trial. Drift. 
Apparatus. : ¢ 
ura- 
Botm Depth. ton: Direction. 3 
: A 
Min. Mi. 
28.56 | Ek. bot.; Tnr. | sur f 1D Ae Aine b.[e.. 
ese.; 4’ in- an ide. 
ter.; #12, botm 
#20; Pr. m. 
29.50) ]..... (6 (it eats iN Le dor-- ll SO ee walk 32 
29.95 |..... GT ose Base dos... aK Me | PR C  ees ioee 
29.89 }..... O(a eae (eerie do... ah ined eo [ee eae a 
305.28) 055 Oana el aes dovss.[), 10s Se dotatenatsa-e 
30:45) | 8 Goss. 5.08. ope do. 1 Tp Pere lee ey (Se 
32.37 | Ek. bot.; Tnr. | surf. 10) eA eainisiti\e oe 
ese.; 4’ in- and tide. 
ter.; #12, botm 
#20 Pr. m. 
BP AS Ye ERE SARC HONG E seco te eee iae =o OS = akon eae 
32.14 OO sen cle seetcl'as- dorsxc),, 17? oo: dosesee aloe 
S166) |22. co Ce Papel Meese ee do. TOM) saeGOlc. cose | Sac 
jaa Gl eee dos 2h. 5 s2| ane do... HO} ee GOk Sasson te 
Sle2ls) oe Gos s=iss../-<|S35 Co Us ed aed La eee Ca Hh nee bo 
30.35 |..... 3 (ore ee do.. a Lh a Ets (9 Le eden [tsetse 
29.04 |..... Gee epee ee do.... 10 2200) snes | eoaae 
Lee Ose Ye 52. -<~ | PORE 35| fb oe eee nee ee eee = 
ees, Meee | BC slip ss la. 5. dle eOs LoWeDe os. 2.2. 210: 04 
soe tnoe ORY cece Dee Ta Fleas Foci (Re So | RE 
Je sseealeenes Gres f= sere Orens |) kee ean taut SOL eee 
ere re | 5 sldg.........].-.do 1a Ny (ae pe 


| 


61 


Remarks. 


Ebb, 2.04 knots per 
hr. 


Ebb, 1.95 knots per 
hr. 
1.66 knots per 
1.74 knots per 


Ebb, 1.88 knots per 
hr. Ek. bot. fouled, 
failed to trip, low- 


ered immediately, 
tripped, and read- 
ings taken 


Ebb, 1.59 knots per 
hr. 


Ebb, 0.517 knot per 
hr. 


Ebb, 0.764 knot per 
hr. 


Ebb, 0.8 knot per hr. 


Ebb, 0.82 knot per 
hr. 


Ebb, 1.48 knots per 
hr. 


Ebb, 2.04 knots per 
br. 


Ebb, 2.33 knots per 


Ee, 2.71 knots per 


O. p. dr. used at each 
end, sledge trawl 
through interven- 
ing distance, 0.56 
mi. Flood. M.4 
inches over top of 
0. Be dr. 

NoM. Cable out 30 
fms. 

O. p. dr. % full; rest 
washed out. 


O. p. dr. used at each 
end, sledge trawl 
through interven- 
ing distance, 0.88 
mi. Flood. M.6 
inches over top. 


0. 88 | NoM. Cable out 30 


fms. 
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Station 
num- 
ber. 


D. 5816B 


D. 58174 


D. 5817B 


D. 5818A 


T). 5818B 


D. 5819A 


D. 5819B 


D. 5820A 


D. 5821A 


D. 5821B 


D. 5822A 


U. S. BUREAU OF FISHERIES. 


DREDGING AND HypROGRAPHIC REcoRDS SECURED IN SAN 


ous Time of Character of 
Position. Chart. Date. day. Depth. bottem. 
Upper section of bay—Contd. 
Gass 1912 Fms. 

Carquinez Lt..N.31° E....... 5533 | Dec. 9} 1.32p.m 104). M;,; Mi< cee eee 
Mare Id. Lt., N. 28° W 
Lit. Tang. Crockett Whi., 

S. 78° Ef. 
Lone Tree Pt., 8. 72° E...... H9do5|5--00sosee 2.06 p.m 5% | S,.Mo ce ee ees 
Mare Id. Lt. ,N. 61° 
Pt. Pinole, § . 51R° W 
DART O Mark Kies sols cieic sa ako 5533 |..,do... 2:11 P.M: | ccaessias| eee ecee eee eee 
Selby Wharf, e Bia ese ece 5533 |...do... 2.43 p.m Shs) Mi Sooo ceeeree 
Mare Id. Lt., N. 59° E. 
Pt. Pinole, S. 54° W. 
Gainey es ans Ses) cele eee hl Cpe salloodancascese Pe AVsheonsgesccce- Aeee 

30 
Upper section of bay. 

Pie binoles.OoMn oss seeeee 5533 | Dec. 10 | 10.37 a.m. 5k | Mi. 2.88 Sees cee 
Mare Id. Lt., N. 67° E. 
Lone Tree Pt. , N. 894° E 
ATOM seeds esisin'= oi nlacienie'si 5dd8.||2-GOr...va/LO250)a5 IS cl oce ee eine ae ete eee 
Pt. Pinole, 8. aca satiotselow bdo) ese dOseeee | lleli2 ae dms 47° || SiMe, Sitios ee eeeee 
Mare Id. uty N. 694° E. 
Lone Tree Pt., 8. 83° E. 
Pt. Pinole, N. 814° E bale ntctnele 5533 |...-do....-| 11.57/a. m. ’ (an (CSA ee 
Brothers Lt., 8. 16° W. 
Kt. Tang. Sisters, S. 47° W. 
VAS EOMD sen eetioe ee ceaine 5533 |.-.do 12.52 poms |. .6.5 22c2 |b. eee eee 
Pt. Pinole, S. 694° E......... Dosh eed Oseaee 1.17 p.m 6 | Ss. M., SBGs- aeaec= 
Brothers re S. 233° W. 
Rt. Tang. Sisters, 8. 453° W. 
IBTOUners it. soon Mie sete 5533: ||. --d0.-- 1.51 p.m 12% |... -d0usceaeee eee 
Rt. Tang. Sisters, N.30° W. 
Lft. Hang. Marin Ids. Re Sb 

60° V 
JA TOMB oes elise Fosrcc cclnwectrceie 55383 |seedOs.a- 157 DATs) Js cke ces! scene eee 
Brothers Lt., 8. 15° W.. 5533 |...do... 2.21 p.m. 8 |S. dMigeccse eee 
Rt. Tang. Sisters, Ss. 694° W 
Lit. Tang. Marin Ids., 8. 

48° W. 

Middle section of bay. 

Rt. Tang. Red Rk., N. 43° W. 5532 | Dec. 17 | 12.45 p.m. 8 | S.; Me She oceee 
Brothers Lt., N. 17° E. 
Southampton Lt.,S.624° E 
ASCOVB ins = selaatcicaielsebisiesiecae- 6532) -3d0..5.6 15D. |). «2 <> sss] > sms eee ee eee 
Rt. Tang. Red Rk., N.14° E. bos2i| eee Orenee 1.38 p.m. 92 | S.; My Shie-ce aaa 
Brothers Lt., N. 5° mm 
Southampton Lt., 8. a E. 
Brothers Lt., N. 74° Recs Bos2||tecdOseee= 2.05 p.m. tae Pes dO... sue see 
Southampton Tape se ai E. 
Rt. Tang. Red Rk., S. 56° E. 
ALCO IB ado isecabecenee se thee 5582 |.2-d0..02| 2:00) p..)|...c2 | ~ <ic. ae eee 
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Salinity. 


Temperature. 


Surf. 


°F. 


53. 00 


51 50. 50 


ee ee eres 


51700°—21——12 


Apparatus. 


Trial. 


Depth. 


botm.,.. 


Dura- 
tion. 


164 


14 


Direction. 


Drift. 


he ees 1.17 


Ors 


Remarks. 


p- dr. 8 inches 


over full. 


O. p. dr. used at each 


end, sledge trawl 
through interven- 
ing distance, 1.16 
mi. Ebb. More 
than filled. 

Flood. Cable out 20 
Large tub M. 
landed. 


M. 1 foot above top. 


Trips made _ with 
Paladini Fish Co. 


O. p. dr. used at each 
end, sledge trawl 
through interven- 
ing distance, 1.16 
mi. M. 6 inches 
above edge. 

Slack. Cable out 20 
fms. No M. ex- 
cept on trawl run- 
ners. 

O. p. dr. 6inches over 
full. 


O. p. dr. used at each 
end, sledge trawl 
through interven- 
ing distance, 1.25 
mi.; 6 inches over 
full 


Flood. Clean haul. 
Cable out 25 fms. 
Full. 


O. p. dr. used at each 
end, sledge trawl 
through interven- 
ing distance, 1.1 
mi.; 6 inches over 
full 


Clean haul. Flood. 
Cable out 40 fms. 


O. p. dr. used at each 
end, sledge trawl 
through interven- 
ing distance, 1 mi. 
Off California City. 
Level full. 

Ebb. No M. taken. 


O.p.dr. used at each 
end, sledge trawl 
through interven- 
ing distance, 1.17 
mi.; 6 inches over 


full. 
Ebb. Cable out 25 
fms. 


64 U. S. BUREAU OF FISHERIES. 
DREDGING AND HypRoGRAPHIC REecorDs SECURED IN SAN 
Station Time of Character of 
num- Position. Chart. | Date. © 0! | Depth. pbc te 
Bart day. bottom. 
Middle section of bay—Con. 
GUS. 1912. Fms. 
D. 5822B | Brothers Lt., N. 364° E.....- 5532 | Dec. 17} 2.28 p.m. 6) Miuccseeesatoeeaee 
Rt. Tang. Red Rk., S. 88° E. 
Southampton Lt., 8. 48° E. 
D. 5823A | Brothers Lt., N. a ea 5532 |..-d0....- 3.14 p.m. i.) Ms, Sh22eeas-eenes 
Rt. Tang. Red Rk., N. 85° E 
Southampton Lt., 8. 51° E. 
eee cls cles AUT OMEN MER eters cebieesiaiaiaie aeiuisis 6532: |52.d0:-..).]) 3:29pm. sc 3.2 Tee. oe ecto eee 
D. 5823B | Brothers Lt., N. 233° ae doses Sho ee -dOseees 3.52 p.m. 10% |: M., Shi s2ee eee 
Rt. Tang. Red Rk., N. 59° E. 
Southampton Lt., 8. ee a 
D. 5824A | Rt. Tang. Red RK., eas 5532 | Dec. 18 | 10.02 a.m 124 | ye Ma eee 
Brothers Lt., N. 48° E 
Lft. Tang. Marin Id., N. 41° 
Ww. 
ed chair aie SAN TOUD igor msi danicaitict sae sees 5582: |..cdo..-} 10.078: m.\|. oo. cece cere eee 
D. 5824B | Rt. Tang. Red Rk., S. 684° E. 5532 dos. 10.29 a. m 7) Shi, Sic2se.22ee ee 
Brothers Lt., N. 13° E. 
Be A Boe: Marin Id., N. 36° 
D. 5825A | Rt. 1 Tang. Angel Id., S. 603° 5532 |...do..... 10.56 a. m 8h 1 Sicha 
Southampton Lt., N. 794° E. 
Lft. Tang. Angel Id., S.6° W. 
Saceeee nce AGEO) Bete sot aecite ste eoe Seine les 5082). .)-dos.c.-) VOL a. mii) s 455. el eoeek cose eee eee 
D. 5825B | Rt. Tang.AngellId., sant un 5632/02 -dos..s- 11.35 a.m. 123 | S...-.....--------- 
Southampton Lt. one 
Lit. Tang. Angel ia g 434° 
D. 5826A | Rt. Tang. Red Rk. N. 20° E 5532 |...do....] 12.44 p.m. 7 |:8.; Sheree 
Sou bee it., S. 454° E 
Bluff Pt., S.1 ok. 
Biot tata ines ASTON Bests sitesi tinniee ieee 37.10) ener (oops) ft eat 0 EN erent acriaciece cscs. > 
D. 5826B | Rt. Tang. Red Rk., N.8° W. 5532) |5-do..--- 1.16 p.m. 9 | \8., Siz. eee 
Southampton Lt., S. 52° E. 
Bluff Pt., S. 38° W. 
Upper section of bay. 
‘i 1913, 
H. 5285 | Brothers Lt., S. oe ieiasseies 5533 | Jan. 1 9.53 a. m. 124 | M. ccc cocceocesmcee 
Lft. Tang. Sisters, N. 27° W. 
Lit. Tang. Marin Ids., S. 59° 
H. 5286 | Brothers Lt., S. 23° W....... 5533 |...do....- 10.28 a. m. Tee dO... oe 
Rt. Tang. Sisters, S. 674° W 
Pinole Pt., N. 713° E. 
H. 5287 | Brothers Lt., S. 31° W....... 5533 donee 11.01 a.m ee dots st.e- eeu 
Pinole Pt., S. 75° BE. 
Rt. Tang. Sisters, Ss. aap 
H. 5288 | Lone Tree Pt., S. 838° E...... 5533 |..-do....- 11.44 a.m. Oo. hecee d0..ctisecess 
Pinole Pt.,S. 35° W. 
Mare Id. Pte, N. 65° a) 
H. 5289 | Lone Tree Pt., S. 31° E...... 5533 |..-do.....] 12.39 p.m. 53) Scuset tee 
Pinole Pt., S. 503° W. 
Mare Id. te) N. 64° E. 
H. 5290 | MareTd. Lt., TINGS P 6533 |..-do.....]/ 1.14)p.m. 94.) Mu colo ok ewan 


Carquinez Dts N. 68° E. 
aie pate: Crockett Whf., S. 
Be i 
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Trial. Drift. 
| ‘ 
8 Remarks. 
Dura- : : 
Depth. | ¥; Direction. 
ep tion: irection E 
=) 
Min. Mi. 
OUR sic ocel aoa eee abe coe ee Rather more than 
level full. 
een tacs| iver GO. cn.) ceo 050) e05.2%. Moll eth Ospidringed at each 
end, sledge trawl 
through interven- 
ing distance, 0.8 
mi. Level full. 
Coeatecwaleas do....| 19 | 163°......./0.8 | Slack. Cable out 30 
fms.; 4 full M. 
See eS | so GOL os) 522 Cae oon eee JIS ke aMuchimore than fall! 
LS4 Gos5 Sea BS aa Ss Boe hae) Baa COA. ceuccc}s sodeecesee|s cea EOvpsdrs usediat each 
end, sledge trawl 
_ through interven- 
ing distance, 1.16 
mi.; 6-8 inches 
above edge. 
Le HES Ee PE ie Rs Cae) Co (ce do....| 144 | 150°......./1.16 | Ebb. Cable out 40 
ms. 
fae) Die oe ee ene ee 2 is DoE oes con sO nese bass onl oe ceo uee eee ee Melton 
oc PEERS CERRE A eco (> see Seam Ee GOSH e coc csshocssces case ales~ ell OFpsdre used ateach 
end, sledge trawl 
through interven- 
ing distance, 1.1 
mi. Level full. 
Bee ee nanan’ |Secde3s|tace. cefro SIDPs 2-8. 5.55/5<< do....| 15 | 148°......./1.1 | Ebb. Cable out 30 
fms. Landed 
wrong side up. 
Full M. 
2257 beck booed ARES ABS BRSABSEA CRS Ai | ee Saeae ba GOs. cos case leceecctesteclsesse 
Rese bese tome foc cadc|sacendOswotctac slave Os 2215 oc ccpliageeceacess-| sue - | OsDEOIe seat each 
end, sledge trawl 
through interven- 
ing distance, 1.2 
mi.; 2/3 full. 
<5] ASE] Pe Td) (7 | do:...| 15 | 142°. 225..11.2) | Bbbis@able: ‘out: 25 
fms. 
«LATE PaaS S) Ee eee Fo) RC: ae A Mo (se |e ee a he A Bae IE siti Vk 
24.39 | 25.31 | Ek. bot.; Tor. | surf. 19 | Agaims tc 2h Net towed 3 min. 
cse.; 4’ inter.; and tide. Ebb. 
#12, #20; Alb. botm. 
smp. 
50 |44. 83/44. 93 | 23.68 | 24.30 |..... Ob. ecces eee dows.) 107 |se-doebee -c\aee.). Ebb. 

50 |44. 73/44. 83 | 22.68 | 22.90 |..... (0 (eae ee G0. .65 103 is. doy. cee sie.523 Re Te 34 min. 
51 |43. 73/44. 18 | 18.56 | 22.83 |..... 0.52.52. <2|2- ee eee? Ae Ce ee | Satan Be 3 min. 
P 
51 |43. 23/43. 93 | 14.45 20.12 ee be Gone i225>. |e do.... DC helo (re Be Bo 34 min. 


} 
i ] | 


53 42.73/42. 98 | 14.00 | 15.92 |..... DO nedate a <20| sem Gteesa|') 16y;|a5-dOs. ee. (2506 es Net towed 3 
min. 
| 
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H. 5291 


H. 5292 


H. 5293 
H. 5294 
H.. 5295 


H. 5296 


D. 5827A 


eet e eee 


D. 5827B 


D. 5828A 


D. 5829A 


D. 5829B 


H. 5297 


U. S. BUREAU OF FISHERIES. 


DREDGING AND Hyproarapuic Recorps SECURED IN SAN 


Position. 


Upper section of bay—Con. | 


Carquinez Lt., N. 43° W...-. 
Lit. Tang. Crockett Wwht., Ss. 


oe Tang. Selby Whf., S. 42° 


Carquinez Lt., N. 43° W.... 
mG ance Crockett Wht., 53 


69° 
att ane Selby Whf., S. 45° 
Lone Tree Pt., S. 28° E 


Pinole Pt., S. 52° W. 
Mare Id. Lt., Ne 61° E 


Lone Tree Pt., S. 823° E...-. 
Pinole Pt., S. 34° W. 

Mare Id. bt N. 664° E. 
Brothers Lt., S5sle° Wa... 


Pinole Pt., g. 70° B. 

Rt. Tang. Sisters, S. 534° W. 
Brothers Lt., S. 25° W......- 
Rt. Tang. Sisters, S. Sea W. 
Pinole Pt., N. 703° E 


Middle section of bay. 
Lime Pt. Lt., N. 814° Wistzee 


Alcatraz Lt., Ne 804° E. 
Angel Id. Ets N. 113° E 
AVEOUB 2 cece cece es cia ececes 


Lime Pt. Lt., N. aoe ae 

Alcatraz Lt., No 763° E 

Angel Id. Lts N. 18° W 

Sather ton’ Et. N.3°E... 

Alcatraz Lt., S. 324° W. 

Lit. Tang. Angel Id., N. 
87° W. 


PANT OMB aa eccise) sen oe eis ier creine 
Southampton Lt. 28° E.. 
oe Tang. Angel 1a, N. 76°. 


ait Tang. Angel Id., S. 254° 


agen TASTING 18s Weecasat 
Alcatraz Lt., 484° E. 
Lime Pt. Lis 8. 53° W. 


Angel Id. Lt., N. 38° E...... 
Alcatraz Lt., 5. 784° EB. 

Lime Pt. Lt: S. 53° W. 
Angel Id. Lt., 1s 7a Sees 
Alcatraz Lt., 8. Nae E 

Lime Pt. te Ss. 603° W 


Chart. 


c.8. 
5533 


5533 |. - - 


5533 |. - - 


5532 


5532 |... 


5532 |... 


5532 |. 


Date. 


Jan. 


do. 


.-do 


20 


medOnacteis 


.--do. 
ad0:ee- 


eCOsesn= 


1.38 p. 


9.19 a. 


9.33 a. 


9.52 a. 


10.18 a. 


10.27 a. 
10.47 a. 


11.40 a. 


11.46 a. 


_| 12.09 p. 


12.51 p. 


m. 


Depth. | ottom. 
Fms. 
12 | ms iS S2 eee eee 


12 


17 


63 


16} 


104 


103 
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Drift. | 


Temperature. Salinity. Trial. 
Apparatus. 8 
= | § | Surf. | Botm. Depth. esa Direction. | 3 
ele & ' a 
s/a a) A 
a a le Min. Mi. 
53 |42. 73/43. 43 | 12.28 | 17.20 | Ek.‘bot.; Tnr. ; surf. 10 | Against ]..... 
ese., 4’ inter.; and tide. 
#12, #20; Alb. botm. 
smp. | 
5314273143243 | 1267) 17.40: |) Eke bot.;Tors|...do:-.2] 15°.) idod.2.. Jue. 
ese.; 4’ inter.; 
#12, #20. 
43. 23/43.93 | 15.23 | 20.43 |..... GU. 3.568 BeOS), 139 ssed Ose st od ke 
43, 83/44. 78 | 18.41 | 22.74 |..... Oe Ear -d0;.<.| 16H 1R--dOr tee 
51 144, 93/45. 58 24,13 | 26.62 |..... ol hee SRR <doz.-! AS} edo. 5sbs Se 
51 45, 53/45. 93 | 27.72 | 24.39 |..... GOs. a.sc2 (ne -do...:|. 10) \%.de. 7.31 ee 
BAe OO naa a[usctsas| socccte 0. p. dr. J. 2...) Dot. ..|c.<055-|soe- ease saleaees 
-ch |b Sd PASS ES Bel ee oe OSIOR SE wceclacs Go:-.-| 14) STR k 1.06 
48 a "| Seren tle sacs | aq =< ss Os Pare dco. 3 See GOsssc|evscn4-|casetenetesclecess 
48 lo, EU easel ae ae a a) Pa Gn)! Beate | Ze (ees Pee oso He oc 
| 
- =| KEAN Ae A ee iI] Cs | eee eee eee eee 27 | a40°..- 3.1L 07 
CEC pose Do ee Ofprdr iss) 2222 Ost St .: S| ee ed 
CTT BOY (ERE SI oe ae Pe Se i I EK 0 eS aed | a A syne PAR Ea 
_ ol Rea EE Se) Boaldes. oo. tess do.. TOW 23 249=— 7" 1.06 
52 |50. "| AAC] ey Ht oe Os Dsdr..) eee | ie pies A eas ee ee este | 
59 |47. 73,47. 93 | 28.97 | 29.82; Alb. smp.;/surf 6 | Against|..... 
Ek. bot.; and tide. 
Tnr. cse.; 4’ botm. 
inter.; #12, 
#20. 
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Remarks. 


Flood. Net towed 5 
min. 


Flood. Net towed 3 
min. 


Net towed 4 


Net towed 2 


O. p. dr. used at each 
end, sledge trawl 
through interven- 
ing distance, 1.06 
mi. Flood. Cable 
out 40 fms. 

“‘A” includes two 
dips with o. p. dr. 
Neither gave full 
load. Net oftrawl 
almost completely 
ripped from frame. 
Contents caught in 
folds saved. At 
ae: or: dr. more 
than full. 

More than level full. 


O.p. dr. used at each 
end, sledge trawl 
through interven- 
ing distance, 1.07 
mi. re ORD: 
dr. more than full. 

Cable out 30 fms. 

O. p. dr. 8-10 ins. 
over full. 


O.p. dr. used at each 
end, sledge trawl 
through interven- 
ing distance, 1.06 
mi. Ebb. 0. p. 
dr., 3 dips; last, 
full, only lot sifted. 

Cable out 30 fms. 


Coaster meager 
haul. 

O. p. dr. practically 
empty, nothing 
saved. 

Ebb. 
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U. S. BUREAU OF FISHERIES. 


DREDGING AND HypRroGRAPHIC RecorDs SECURED IN SAN 


Station 
num- 
ber. 


H. 5298 


H. 5299 


H. 5300 


H. 5301 


H. 5302 


H. 5303 


H. 5304 


D. 5880A 


D. 5830B 


D. 5831 


H. 5305 


H. 5306 


H. 5307 


H. 5308 


H. 53809 


H. 5310 


H. 5311 


Position. 


Middle section of bay—Con. 
Southampton Lt., N. 103° E.. 


Alcatraz Lt., S. 304° W. 
Blunt Pt., N. 51° W. 


Southampton Lt., N.18° E... 
Bh Tang. Angel Id., N. 613° 
Lt, Tang. Angel Id., S. 41° 


Southampton ite SO: Diet bers 
Bier ene: Red Rk., N. 154° 


Lft. Tang. Angel Id.,S.16° W. 


Southampton Lt.,8.71° E... 
Bluff Pt., S. 493° W. 

Rt. Tang. Red Rk., N.4° W. 
Southampton Lt., 8.61° E... 
Bluff Pt., S. 114° W. 

Rt. Tang. Red Rk., N. 53° E. 
Southampton Lt.,S.49° E... 
Bluff Pt., S. 134° E. 

Lft. Tang. Red Rk., N. 44° E. 


Brothers Lt., N. 18° E....... 
Southampton Lt., S. 36° E. 
Lft. Tang. Red Rk.,S.70° E. 


Alcatraz Lt., S. 764° W.....- 
Southampton Lt., N.4° W. 

Rt. Tang. Goat Id.,S. 41}° E. 
IAS LOL Bean lewaaa cee ocee eee se 
Alcatrazite Wisse ccsesessek 
Southampton Lt., N.14° W. 
Rt. Tang. Goat Id.,S.27° E. 


Lower section of bay. 


Ferry Bldg., N. 88° E....... 

Goat Id. Lt., N. 434° E. 

Rt. Tang. Mission Rk., S. 
15° W 


Goat Id. Lt., N. 20° B....... 

Ferry Bldg., N. 72° W. 

Rt. Tang. Mission Rk., S. 
314° W. 


Goat Id. Lt., N. 164° W..... 

Ferry Bldg., N. 53° W. 

Rt. Tang. Mission Rk., N. 
79° W. 

GoatId. Lt., N. 13° W...... 

Shag Rk., 8. 603° W. 

San Bruno Lt., 8. 16° W. 

Shag Rk., N. 55° W......... 

San Bruno Lt.,8.17° W. 

Candlestick Pt., N. 78° W. 

Shag Rk., N.38° W........- 

San Bruno Lt., S.43° W. ° 

No.2 Beacon, $.272° BE. 

Shag Rk., N.34° W......... 

San Bruno Lt., S. 64° W. 

No. 2 Beacon, §.29° E. 

Shag Rk., N.31° W.......-- 

San Bruno Lt., W. 

No, 2 Beacon, &. 303° EF. 


Time of Character of 
Chart. Date. day. Depth. bottam: 
c.8. 1913 Fms. 

5532 | Jan. 20] 1.38 p.m. 20} | om, {8.5208 Seles 
Bpoait . -dOlenee 2.26 p.m. LSP ISEQ FS dott 23 .Re 
55382))|;.-d0...:- 2.56 p.m 7 oA sess See 
5532 |...do- 3.27 p.m 10, | Mic... sc -ceeeeeres 
5532 |...do. 4.03 p.m pa (a dosto 2s a4 
5532 }...do.....] 4.33 p.m 7 | myS 23h eseeees 
5532 |...do.....] 5.03 p.m 7 | Mite eee eee 
5532 | Jan. 21] 9.40a.m | \S2i3226 soe 
5532) |--.d0... 2. 9.46 a. m. 

5532 |...do.....} 10.00 a. m. 

5532 | Jan. 21 | 10.22 a. m. 13) | MS )S.,jo0eeeeeeeer 
5531 |...do.....} 11.34 a. m. 123 | 'S., Meo Sees eee 
Sb aC ee fee 12.17 p.m 8 | M.ic.k ee eee 
Boslute. .dG@e.cs 1.01 p.m ae a G0.<25 23.320 
5531 dog 1.32 p.m Tk |ss2.n0 Ole se oneeeee 
5531 |...do.. 2.09 p.m Cn ee G0. .degnsh eee 
5531 |...do. 2.32 p.m. AS) us oe d0:sssct enc aee 
5531 |...do...... 2.55 p.m. DP snes dO... c--2- eae 


DREDGING AND HYDROGRAPHIC RECORDS. 


Francisco Bay, Cauir., 1912-13, anp Marcu, 1914—Continued. 


Temperature. Salinity. Trial. Drift. 

Apparatus A | Remarks. 
’ i; | Surf. Depth. | +2"! Direction. | 3 

r E g P tion. on $ 

a 2) ==) ein 

tt ol MO Al Da oh Min. fi. 

62 /47. 63/48. 18 | 29.06 | 30.74] Alb. smp.;|]surf. 224 | Against |..... Ebb. 

Ek. ot. ; and tide. 
Tur. cse. 4’ botm 

inter.; #12, 

#20. 

59 /47. 63/47. 78 | 28.56 | 29.50 ]..... GOES cs sees <|c8 do 9) {ssdo.e 25h se. Do. 

56 |47. 23/87.63 | 25.31 | 28.72 |..... WOM sss do 9) |o.douee cen ee Do. 

58 |47.03'47.18 | 26.78 | 26.32 ]..... i (RS Saas (Be qdo<-.) 10) |ee-dol =e i2 Do. 

55 /46. 73/47.08 | 24.30 | 25.31 ]..... et ee alee do... Y dal [Eee te Ce Se eee 4 Rs Do. 

52 |46. 23/46.88 | 17.40 | 22.99 |..... re Ce eh Seen ees (er do. Q)) |. dO... 2 Sele. Ebb. Tide slacked: 
suddenly for a few 
minutes; 4/ inter. 
touched botm. 

50 /46. 13/46.68 | 17.86 | 22.83 |..... Gok ..625/8.2 do Thi 3280s e558 (SS, Ebb. O.p. dr. used 
at each end, sledge 
trawl through ine 
tervening distance, 
0.65 mi. 

VET eee! |e en ee Oop. anaat-.c.c Dot slo sc52| ani shee cesleeeas Op: UO AY ain 
a ucke 
fall. “Flood. 

iho Ll eel ee a Pees B slide 20 3.61 56.00 10) || AE7PSS 422 NOl65 

2S | Capra eee ea eee OP Pear. F225 162 GOl2.2| cel el sbeses ces cos cecee|) RUOOds JOD. Or10— 
12 ins. more than 
full. Undoubtedly 
one of the richest 
spots in the bay 
in respect to total 
number of living 
organisms. 

ITT See | a is © Oi Prarenasce se bogmestioeses Sin gle}lvecc Flood. O. p. dr. 

spot much more than 
full. One of series 
of three in Berke- 
ley eit) track. 
Very little life, in 
marked contrast to 
last station. 

48 |47. 23/48.18 | 28.02 | 30.59] Alb. smp.;|] surf. 12 | Against |..... Ebb. 

Ek. bot.; and tide. 

Tnr. cse.; 4’ botm 

inter.; #12, 
#20. 

44 |47. 73)47.78 | 28.02 | 29.50 |..... CC: ee |e do 10 Bers (+ Rae ge ae Do. 

45 146. 83/47. 08 | 27.87 | 27.87 |..... €O555~.2: eno do 11 /\03:Govoe tates Do. 

47 |46. 63/46. 68 | 27.79 | 27.94 ]..... Goi)... =. -lees do 10 |...do. F Do. 

48 |45. 83/45.93 | 28.26 | 28.49 |..... Gs e5'<'.,2 |e G0:.23|) 10) t23-doz ae Do. 

49 |45. 83/45.93 | 28.40 | 28.56 |..... (ee eee Goyscct* 108 }cs-dote acs Do. 

51 /45. 73/45. 93 | 28.84 | 29.08 |..... 1 (ee = do. 109 [2 edOe os. 2 et Do. 
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U. S. BUREAU OF FISHERIES. 


Drepeinc AND Hyprocrapuic Recorps SecurED IN SAN 


Station 
num- 
ber. 


D.5832 
H. 5313 


H. 5314 
H. 5315 
‘H. 5316 
H. 5317 
H. 5318 


H. 5319 
H. 5320 


D, 5833 


H. 5321 


H. 5322 
H. 5323 
H.. 5324 


H. 5325 
H. 5326 


H. 5327 


H. 5328 


Position. 


Lower section of bay—Con. 


No. 2 Beacon, S. 324° E.....- 
San Bruno Lt., N. 69° W. 
San Mateo Pt., S. 13° W. 


Goat Id. Lt., N. 194° W..... 

Ferry Bldg., S. 81° W. 

Rt. Tang. Mission Rk., S. 
30° W. 


No. 2 Beacon, 8. 39° E....... 
San Bruno Lt., N. 62° W. 
San Mateo Pt., 8. 10° W. 


Shag oRk., Ni 82s0Wi-e--- =. 

San Bruno Lt., W. 

No. 2 Beacon, §, 294° E. 

Shag Rk., N.35° W......-.- 

San Bruno Lt., 8. 66° W. 

No. 2 Beacon, &. 284° E. 

Shaping, NU392 Wao. ...--- 

San Bruno Lt., 8. 454° W. 

No. 2 Beacon, §. 27° B. 

Shag Rk., N. 504° W.....--. 

San Bruno Lt., 8. 183° W. 

Candlestick Pt., N. 74° W. 

Goat Id. Lt., N.18° W.....- 

Shag Rk., 8. 62° W. 

San Bruno Lt., S. 19° W. 

Goat Id. Lt., N. 18° W....-. 

Ferry Bldg., N. 53° W. 

Rt. Tang. Mission Rk., S. 
77° W. 

Goat Id. Lt., N.1° B........ 

Ferry Bldg., N. 67° W. 

Rt. Tang. Mission Rk., S. 
35° W. 

Goat Id. Lt., N. 58° W.....- 

Ferry Bldg., 8. 864° W. 


Rt. Tang. Mission Rk., S. 
524° W. 
Middle section of bay. 


Brothers Lt., N. 20° E....... 
Southampton Lt., S. 374° E. 
Lft. Tang. Red Rk., 8. 78° E. 


Southampton Lt., 8. 49° E.. 
Bluff Pt., S. 18° EK. 

Lft. Tang. Red Rk., N. 50° E. 
Southampton Lt., 8. 58° E... 
Bluff Pt., S. 11° W. 

Rt. Tang. Red Rk., N. 5° E. 
Southampton Lt., 8. 70° E.. 
Bluff Pt., 8. 40° W. 

Rt. Tang. Red Rk., N.34° W. 
Southampton Lt. N. 664° E. 
ae Tang. Angel id., S. 694° 


ap Tang. Angel Id., S. 14° 


Southampton Lt., 8. 20° E... 
na Tang. Angel 1d., N. 694° 


et Tang. Angel Id., 8. 35° 


Southampton Lt., N. 9° E... 
Alcatraz Lt., 8. 294° E. 
Blunt Pt., N. 65° W. 
AngeliId. Lt., N.6° E....... 
Alcatraz Lt., 8. 47° E. 

Lime Pt. Lt., 8. 574° W. 


c.8. 
55 


5531 


5531 |. . 


5532 


5532 |... 


5532 |... 


5532 


Time of 
Date day. 
1913. 
Jan. 21 | 3.20 p.m. 
Jan 27 |sss8hs-ce-e4 


Be edOseccat ioe pee 


Be edOsecn || 12-49 Deke 


---d0.....| 1.11 p.m. 
Med Dscces 1.33 p.m. 
EsdO2 eee 2.02 p.m. 

---G0.....| 2.33 p.m. 

---d0....-| 3.08 p.m. 

---do.....| 3.44 p.m. 

-do..... 4.17 p.m. 

Jan. 28] 2.11 p.m. 

do..... 2.38 p.m 

---d0.....} 3.02 p.m 

---d0.....| 3.24 p.m. 
sete Be She 3.46 p.m 

GGs-ece 4.08 p.m 
bdOscens 4.29 p.m 
.--do.....| 5.00 p.m. 


Character of 
Depth. bottom.. 
Fms. 
Sve: Ab eRe BS be 
94:/'S., Meck ase ese 
SEAeM sees ee 
bea bee C6 (pe eee 
3 Oe don tthe oe 
Diy Hl ee G0: Fo eee 
GNA es do sgn ee Re: 
Ee do... eee 
OF ee (Co Rare en ae 
13; || mS Saeeee eee eee 
64°|S., Shia. ssececenee 
8 | M.) 3 .ceeeeeeoeeee 
62] m. So2.5 eee 
U4 | Med ccc ctgecceeeee 
10 20s d0=stSeesee ee 
7% |. 6222 eee 
1S ifeeeee do... eee 
19 !)} Hrd. M2273, 293-28 
10 tii brd: SP.4Seeoe-te 


DREDGING AND HYDROGRAPHIC RECORDS. » ff 


Francisco Bay, Caur., 1912-13, anp Marcu, 1914—Continued. 


Temperature. Salinity. Trial. Drift. 
Apparatus. 2 Remarks. 
= | @ | Surf. | Botm. Depth. | PUT] pirection. | 3 
i S ; Ae 
= ee A 
<1 a Oa Rg 8 : Min. Mi. 
48 45.73/45. 88 | 28.37 | 29.18 | Alb.smp.; Ek.| surf. 10 | Against |..... Ebb. 
bot.; Tnr.cse.;} and tide. 
4’ inter.; #12, botm. 
#20. 
| ae] a O.(psdet 252-2) Dotmisee| 2. ....00|sesadddac aon|asecslt DDI?) dine each 
rather more than 
half full. Second 
of series of three in 
Ferry track, 
53 46. 53/46.68 | 28.56 | 28.84 | Alb.smp.;Ek.| surf. 185) Again |3.8 Flood, 0.75 knot per 
| bot.; 4’ in-| and tide. hr. 
| ter.; #12, #20; botm. 
Tur. cse.; Pr. 
m. 
67 |46.93)46.93 | 28.33 | 28.49 |..... cols Sa ae dosc.| 12%) s-dow..ceclestes pyres 0.90 knot per 
68 |47.03/51.08 | 28.02 | 27.94 |..... dose: a=. [Ree do: ss. |) Dl $22.6 eee see woes 1.03 knots per 
66 47.53/47. 43 | 27.33 | 27.40 |..... dots beetcal se do....| ° 11 /|...do...22./see.2|, Blood 
64 |47. 83/47. 23 | 26.62 | 27.01 |.-..-- dos..63 2222 #5-d0s.<.||,« 11 } Ss. don aa sa eeete bis rc 1.52 knots per 
65 |47.93\47.18 | 25.55 | 26.94 |..... GOs ees edos.- ie | Beets Ca ae basoe ost, 1.70 knots per 
66 |47.73|47.78 | 26.10 | 26.73 |..-.-. Gove Ris BA dos.-. 125) |Pacdowss tel eee erry: 0.78 knot per 
64 |48.23/48.33 | 26.39 | 28.33 |..-..-. dos. .ek 22 A dox = 1s | ce dos ae cea ak: omen 0.74 knot per 
(3) (C0 Eee He el eee On Dadre creas. bots. | Sc. a6 | o=seeeceeeeclaeeres Flood. o. p. dr. 
considerably more 
than half full. 
Third of series in 
Ferry track. 
56. 5'47.03/47.38 | 15.23 | 21.60 | Alb.smp.;Ek.| surf. 4 | Against |..... Flood, 0.65 knot per 
| bot.; 4’ in-}| and tide. hr. Towed 4 min. 
ter.;#12, #20; botm. 
Tnr. cse.; Pr. 
m. 
56 /46.93.47.53 | 14.91 | 23.29 |..... Gori es. ale =eG0.<25 144 |...do......|.....| Flood, 0.21 knot per 
| hr. Towed 3 min. 
55 47.93.48. 28 | 18.02 | 27.10 |..... (0 (oe, oeelOses: 134 |...do......].....| Flood, 0.18 knot per 
| hr. Towed 3 min. 
55 et. QbISoif Gold loess 3 (Ee Ee=do:s<ci LOW: -GO see 15 So. fire 0.61 knot per 
55 |48.23 48.43 | 19.66 | 28.11 |..... (3 ae, Sete oeeO....| 15 |..-do......].....| Flood, 0.79 knot per 
hr. Towed 5 min. 
55 48. 13.48.88 | 25.70 | 28.55 |..... UOstseecose peeGO-ee-|) 10/915. .00.-e5-slncse a Se ee 
52, 5/48. 23.48.93 | 26.62 | 29.50 |..... Gene 2. venk dios.--|' 10) |..<do..... sirens. ood 


50 48.73 48.98 | 29.04 | 29.95 |..... GUE AR APA hoc Osea LON eee O Onsen < ol samme ae 1.05 knots per 
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DREDGING AND HyprRoGRAPHIC RECORDS SECURED IN SAN 


Station Ti 
sys ime of Character of 
a Position. Chart. Date. day. Depth. Horan 


Lower section of bay. 
C.8. 1913. Fms. 
D. 5834 | Goat Id. Lt., N. 154° W..... 5531 |} Feb. 3 | 10.06a.m. 11/9 )4m. 83 (Shissee se 
Rt. Tang. Mission Rk., N. 
834° W. 
Ferry Bldg., N. 56° W. 
D. 5835 | Goat Id. Lt., N. 93° W....-- 5531 |...do....| 10.38 a. m. 7h | 8. Mi, Shp egeeee 
Shag Rk., N. 584° W. 
San Bruno Lt., 8. 21° W. 
D. 5836 | No. 2 Beacon, 8. 314° E....-.- 5531 |...do..... 11.04 a. m. 6 \] Mi. scsseeeeeees 
San Bruno Lt., S. 693° W. 
Candlestick Pt., N. 44° W. 
D. 5837 | No. 2 Beacon, S. 35° E....... 5531 |...do..... 11.23 a. m. (i? fe epee do...22225. 2s 
San Bruno Lt., N. 68° W. 
San Mateo Pt.,S. 9° W. 
D. 5838 | San Bruno Pt., N. 89° W.... 5531 |...do..... 11.39 a. m. Ge Pee do:.-5- 5222358 
No. 2 Beacon, &. 32° BE. 
Shag Rk., N. 30° W. 
D. 5839 | Shag Rk., N. 36° W......-.- 5531 |...do..... 11.54 a. m. 521] M., Slieckes sees 
San Bruno Lt., S. 45° W. 
No. 2 Beacon, S. 28° E. 
D.5840 | Goat Id. Lt., N. 154° W.....- 5531 |...do..... 12.23 p.m. . 9% | Mle 
Shag Rk., S. 60° W. 
San Bruno Lt., S. 16° W. 
D. 5841 | Goat Id. Lt., N. 19° E....... 5531 |...do..... 12.48 p.m. 12. |S.) Me Sheen 
ee Tang. Mission Rk., 8. 34° 
Ferry Bldg., N. 78° W. 
Middle section of bay. 
Bea matice Between Angel Id..andSau- |-..:-:2.-.2))Reb.. 8). 9:15ia.jm.|5. 2222 522| es ek eee ee 
salito. 
Sagsdeddas| besee Ose eae see acc ee erie [niearesicineis nl Ost On| Wi S.00 cepa Sasa aes | eee 
elesiemisine seek One toes -ccesesecinn sete lacecnence cep Mars TV OllSia ami Sich 
Sisicielwnte mits aes e GOe ee ee ee tabi ae] els Jy So su Mar. | Shilo eioes oki el ee ele. ete | eee ate err 
Aesecae 4c Fort Baker Beach.-........-|...........| Mar. 14 | 2:00 p.m 0) | Suds. scesheeeeecene 
; 3 
Seacheenad Been eel tds and Ban: talsescwee ne] Mars 15)! 19.30!a. vil. Seo eoss|aceee eee ee eee 
salito. 
essa ep Angel Id., Raccoon Str......}...........| Mar. 20] 9.00 a. m. 0) i) Mi) Deo Gieeeeeeeeie 
: 3 
eae: Seen ee ae and an seesssceese]) Mar 24") (980)a. mil ee see. aee eos eee 
salito. - 
Sodas Angel Id., near Blunt Pt....|......-...-| Mar. 27] 2.00 p.m. 0) |) S.2c2cceneeen eas 
3 
SE OHE ES se Between! Angel Id-‘and'Sau- |- 4. .--::-.-| Mar. $1 | (9:35/a.)mis JUL 2 SSeS. See ce eeecite aes 
salito. 
Sedsnceds- Sausalito; Fisherman’s Beach]...........| Apr. 5 | 9.00 a. m. 01) | (SS. eecene nee ees 
; 3 
D. 5842 | Mile Rk. Lt., S. 51° W....-. 5532 | Apr. 7] 10.00a.m. 25..| Shi, Stecesssese 
Bonita Pt. Lt., N. 57° W. 28 
Fort Pt. Lt., N. 59° E. 
D. 5843 | Mile Rk. Lt., S. 33° E....-.. 5532 |...do..... 10.40 a. m. rl Bae < GOsceecensccee 
Bonita Pt. Lt., N. 43° W. 27 
Fort Pt. Lt., N. 65° E. 
D. 5844 | Mile Rk. Lt.,S.23° E....... 5532 |...do.....] 11.10 a. m. 22h SAE GOs. eterno 
Bonita Pt. Lt., N. 44° W. 31 
Fort Pt. Lt., N. 813° E. 
D.5845 | Bonita Pt. Lt., N. 74° W.... 5532 |...do..... 11.39 a. m. ES ol Bases Acie sa . 
Lime Pt. Lt., N. 45° E. 49 
Fort Pt. Lt., N. 81° E. 
D.5846 | Bonita Pt. Lt., N. 89° W.... 5532 |...do..... 12.10 p.m. Ta eee do... ice 
Lime Pt. Lt., N. 45° E. 50 
Fort Pt. Lt., S. 784° E. 
BORG a aa pt este Goat os masta gestemicisieisen| ADP 24) 2OL00 8s MR lo. ccccece| ences cases Seeeetem 
salito. 
mee Ne ae Fort Baker Beach...........)-.........-]| Apr. 18 | 9.00a.m. OMB... So ceses comets 


DREDGING AND HYDROGRAPHIC RECORDS. 
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Francisco Bay, Cauir., 1912-13, anp Marcu, 1914—Continued. 


Temperature. Salinity. Trial. Drift. 
Apparatus. % Remarks. 
Surf. | Botm. Depth rid Direction. 8 
a 
; Min. i 
RSeracelsacece< 0. p. dr........| botm...].......| Single spot|.....] Flood, 4 inches over 
level full. 
eS See ey se) eee Goss eee esi--do --do......|.....] Slightly fuller than 
preceding. Flood. 
oS Sey S| ew) Sed es dof: e.5..-|---00 .-do......}.....] 6-8 inches over level 
full. Flood. 
aedtnenlscaadsapee cee COs So) 555352 2c Ot eal. ee edo. ss 2e|s-204, hldods A OweT., 8 
| inches more than 
level full. 
SRE Olas cee oe ae dos. 4.<--.)- 2200.22) a2-- oce|2 Otek Seale ee oe lood a1 inches over 
| level full. 
| 
Be i Ze ie, <4 | SS Goss4. £1 |eedo see cece ceAOn ees als aad) aaa siaaches over 
level full. 
Ss See! aa, Se hae Oke e ee Oe eaece sel asa 0, 2s en oeee|) aD LOM CHeSs Over 
level full. 
Hey PTT 1 Peas “oa 0 Sa ee Cee GOP seu do. sedow tes F485 Ebb, # full. 
4’ inter.; #12, | surf 20 
20. 
al saose oaloackeaeioecee do. ..do. 20 
8 ee to (epee eet ea do. etdow 20 
2) ASS SS (a Ee do. 5::d0:. 20 
a .| 250’ seine. .....|... do. 150 
SEES EBS ae SASPee eee Ramer 4/inter.;) #12; |-.-d0._..| (20) Against |... 
| 20. tide. 
7 ee ee el a | Uae 250’ seine......|... GOP | 120 Tse cee eee ese acs 2 hauls 
36] SERS) Aah see ae aae Beene ee 4’ inter.; #12, |...do....| 20 | Against |..... 
0. tide. 

3202 | RaS5d EAR SSH Seen nee ed 250’ seine. .....|... Co a Be dant 20 ol a 3 ee 3 hauls 

<i) Heese eee A Rise eee beers 4’ inter.; #12, |...do... 20 | Against |..... 
20. tide. 
2255 ERS eases atl eget ees 250’ seine. .... YEP GOs .c}) 120)> |Sooe Bees set et Do. 
Beene] Deca eee| oselaee oys. dr. with- | botm... Gio] 40S. rece 0.52] Cable out 75 fms. 
out lining. “Flood. 
ae 2a ee eae ener ort). esdoree Ae 4909S ee SD Do. 
ee eee edocs a sek saa csen (3 (1) do.... 4° 1550°. occccss .53 | Flood. Cable out 65 
fms. 

285) 2 Se) BERS BREE Gaennens (Sapa Cs Co Sa See (ne do... Di 4Oe. teen 5 | Flood. Cable out 125 
fms. 

Pepelaseeale cnet loces<ce| =a tcatcleoses CC oe eee (ee do2:s: Be hescesscse .53 | Flood. Cable out 125 
fms. Chain ba; 
torn in- sev 
places and all but 
4 teeth of dr. car- 
ried away. 

Bawalemeeelec oss ile cteed| so toletet 4’ inter.; #12, | surf....| 20 a: a bees 

0. ide. 

Beculscsoriteress| sos dul ule cececs 250’ seine. .....) ec. (0 na] POE al Pere SS Jeers 2 hauls 
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DREDGING AND HypDROGRAPHIC REcorDS SECURED IN SAN 


Station 


num- Position. Chart. Date. zine of 
ber. ay. 
Middle section of bay—Con. 
G.S: 1913. 
meres sce Between Angel Id. and Sau- |...........] Apr. 19 | 9.00 a.m. 
salito. 
Lower section of bay. 
D. 5847A | Beacon No. 4, 8. 80}° 1 Boe... 5531 | Apr. 22 | 11.09 a. m. 
Beacon No. 3, 8. 62 
Beacon No.1, S. ta W 
ara ee AC TOWB a lee AA See cuales eee 5531 |...do.....| 11.19 a. m. 
D. 5847B | Beacon No. 4, S. 35° W.....- 5531 |...do.....} 11.49 a. m. 
Beacon No. if S. 222° E. 
Beacon No. a5 8. 59° E. 
D.5848A | Beacon No. 2, N. (2E OW = on 5531 |...do.....| 12.47 p.m. 
Little Coyote Kno 11,S.67° W. 
Beacon No. 4, S. 504° E 
aabisesnbe ATO UB Seto os eciciiceicle setae 5531 |...do.....] 12.55 p.m. 
D. 5848B | Beacon No. 2, S. 75° W.....- 5531,|...do..... 1.41 p.m. 
He S.11° W. 
Beacon No.4,S 523° E 
D. 5849A | Beacon No. 2, SH26° Re kes ESL |Gns6 ho aa. 2.09 p. m. 
Pt. San Mateo, ee 63° W. 
San Bruno Lt., N. 553° W. 
Be aS i AONB ee, dato: Sodasot Soe |.-d0l---.| 2:145p. ms 
D. 5849B | Beacon No. 2, S. 30° E....... 5531 |.-.do.....| 2.39 p.m. 
Pt. San Mateo, 8. 37° W. 
San Bruno Lt., N.60° W. 
Middle section of bay. 
ate Nive Betweat Angel Id. and Sau- |...........| Apr. 26] 9.30a.m 
salito. 
Be paar Tiburon, Raccoon Strait.....|...-.......] Apr. 29 | 2.00 p.m. 
wei esses Angel Id. near Blunt Pt.....|...........] May 5 | 9.00a.m, 
Re sesetcc Between Angel Id. and Sau- |...........|...do.....| 1.15 p.m 
saline. 
Spoae=s05d loomed WoseS eadicodsadoudosased||sadesaesese May 12] 9.00a.m. 
Bie aa Geena aaa Bellen May 13] 2.00p.m. 
aye tetas Between Angel Id. and Sau- |.....-.....; May 19] 9.30a.m 
salito. 
Sys. eeeroianes 2 ab dee sicoiseisicin’s sicine sees eee = =e Se eae Ul olecO Penk 
ees ops GON ed em denne nem eee Seance ne cl atane e caalel OOOisents 
pera ates rey MS ete Ons se iecie soe eee ae eleteree eer etn a Ola Ori Gs SU ase 
BE AaScadaee Os wnb ters psietcle = Seb e Elba. oe -wcinepone) L6i)) a0/a. am 
Soetarclathe|eemne Oe aoa cents ance aciniaeclee lletectc oscil DULG scam Oru erp ran 
Beaman eanelldbace Ge ceatdooonase su saostostissecad seco Ue PLES Vegi 
Ete A feTS Loe |B areca GOB acidmets acicle’s seine CGS tomas spermine UY, 2:4 1|) acceler una 
H. 5329 | Lime Pt. Lt., S. 72° W...... 5532 | July 18] 7.00a.m 
Alcatraz Lt., S. 78° E. 
Pt. Knox, N. 39° E. 
Mice oO a cabe ignrOaeccaecadne. 5532 |...do.....| 8,00 a. m. 
ae See (60 Andbdon? Saosd6e0eenan 5532 |...do.....| 9.008. m. 
Sess GOs sockaanteaaeatacek ss 5532 |...do.....] 10.008. m. 
ataiajete (GO A Se Seige odoeeeaced 5532 |...do.....| 11.00 8. m. 


Character of 
Depth. bottom. 
Fms. 
8% | Mi ..sncsaoe sees 


Ce ee as 


9 |) MEL coe eee 

"Ok | ML, Sh, Ga oe 
10 | Mi. cc ceecee esos 

9 
OM Mas. . centcneneees 
3 
0. | 8.25. ck eesesseee 
3 

TO loisiece an 
3 

eee eeeees i ee OSS 
28) rky.'S.22beeeeeeee 
ao. leeaae Oi. pestiessoee 
BBs We cae dO. cdoccseeeen 
28" ‘Ik cqe Os eeeteteteiatete = 
28) iconic GO. cn eeeemaee : 
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Francisco Bay, Cauir., 1912-13, anp Marcu, 1914—Continued. 


Apparatus 2 Remarks. 
: Dura- . : 
i z & Surf. | Botm. Depth. ton: Direction. 8 
= o _ 
<x] a aa) A 
OA VN ad la oF ; Min Mi. 
= 45] b= Aas ER i 5 ee 4’ inter.; #12, | surf..../ 20 | Against |..:..) O.p.dr. used at each 
#20. tide. end, Alb. smp. at 
O1Y\8 oy sledge trawl 
through interven- 
oe distance, 0.83 
—3.,-| |e A ee eS ee 0. p. Or.; Alb. | botim.:.|.... .24|.2-<-=.-..<s|e+--s| Hlood. “Rather more 
smp. than level full, 
with surface layer 
; washed off. 
2 la aie | ee Ue welecee---| 6 Sldgy. -.....2]2.-dos.<| 19 )|.310°....-.../0..83. | Cable out.35ims. 
Sand 5 aed ee ee oe ee EOS DMGr-s TA ba lissc0:s-4|- oc oeleocec cose cen neces |e Vel nails 
| smp. 
2 ok | dentin ee i Sere GRAS Saneee rac GOP. .6| 21-8 eae Read Ped (a O. p. dr. used at each 
end, Alb. smp. at 
“A,” sledge trawl 
| throu, h interven- 
in istance, 1.1 
mi. More than 
level full. Flood. 
jee bess 4 GABSSS Bee aes eae 6 | 5’ sldg.........].--do....| 32}/| 304°.......]1.1 | Cable out 30fms. 
See eee coo 5 0| Sas towel ccierm ote o. p. dr.; Alb GOs) ok | rete secu ck loose 
smp 
| 
3054 eons 4 Bees 4 HERB ane Epcos a eerae CO eet nes Oeees nc aoe lees oeceemel ees lood ama Moremithan 
level full. 
Anal ake | eas 2 ee a ee 8 siden. 4. Sek fece Osseo Liat) o20case seer .95 | Cable out 30 fms. 
Spal Cee A | eS eee A Re Os Padres tAlbe |p. dOssse| oo -accalooccesae sooeloceee| Eeacnerey more) stiiai 
smp. full. 
Sot 4 es Seas Gee See ee 4’ inter.; #12, | surf- 20 | Against/].....| 
tide. 
fecd 2354 Gees Kaa ee eee & 2504SGING 4a eee || LOOM oosne oeeeeen loos ee eneuls 
6h. hee | ERS ee Se Sarees 2 eee Gonos. seme -eeces|| 120 A} s.cseacss ss] 2-2 4-| Sats 
Lee gl eee es 8 ee eee 2 aAtsinters | 125i fsurt 2.4) « 20): Again stile. 
#20. tide. 
snl lore, | AS eee ees ete do.. Sans | OS - 20 | eG Os cee ca |tema: 
espa Skee ee Se) ee O50) SEUNG Ls oO LOS) 120 ab dedaeceasliccen Do. 
Ret eet |p eee oes coset o- oe te 4’ inter.; #12, |} surfi....| 20 | Against|]..... 
#20. tide. 
ncl-||See- HIMER Se RSe 5B ae 4 eee a See Beebe ects ese: 20 Osa se| oe 
Lonel ip 3 Ce 220 ees SEB) ee a doX 22. ...4/d0o 20 Rd Onesies epeen 
“Sec es Bee Soe oe 8 eee GOL es s2./22\hesdOsce 20 do years 
Cee eles es | angae + PSOE. SU RERE CT See aia 260 Fae 20 do PHOee 
222) RBS ee SIG ER ee (i | Se | Ere Cy ES 20 AOlsaasss|ocece 
282 (Re CERES Bae ae eee 5 eee GOso5e.-eeledOrse 20 do eae 
222 2l GRE S552 Re ee ae dok.!.... Redox 20 do. betes 
Pe ONi5s: 301, 20.09 | 30:01 | BE. bot.; Tnr: |osetir f |... 4|---dO 22. --cla-coe Shi até anchor. 
ese.; 4/inter.; and Flood, 0.50 knot 
#12, #20; Pr. botm. | er ‘hr. ae 
m. eaded S. by 
.-..|59. 40/58. 55 | 29.38 | 29.97 |..-..- GO5-4.52.4 ot ae) ee VRCLOE ss asatee eee Flood, [22 knots per 
| hr. Ship headed 
....[58. 10/61. 95 | 30.19 | 30.53 |..... aR). %y Piaoeal. oid a deuethe  ya Flood, 1.91 knots per 
Ship headed 
..--|57 10/56. 70 | 30.90 | 31.27 |..... (ce, ae ee Bidets 628 Mado soHe (NI Flood, 131 Biobe ee 
~-..|57. 20/56. 00 | 30. 24 | 31.65 |..... One aaete ae ASG RRA eee eee OOr eee seas Flood, 0.89 knot per 
| hr. Ship headed 
8. 54° . Ship 


é started to swing, 
did swing a bit, 
then stop at 
position noted. 


76 U. S. BUREAU OF FISHERIES. 
DREDGING AND HyproGRAPHIC REcoRDS SECURED IN SAN 
Station 5 
ne Position. Chart. Date oe” Depth. aa of 
Middle section of bay—Con. 
CaS: 1913. Fms. 
H.5329 | Lime Pt. Lt.; S. 72° _W..... 5532 | July 18 | 12.00noon. 28irky. 8 -Seeeeeeeeee 
Alcatraz Lt., S. 78° E. 
Pt. Knox, N. 39° E. 
US. (OO, AS Heo pee aaCsacacaorec 5ba2 |---do..---| 1.00'p.m. 28) coos Os ane aeinaeienta 
Hooke OO etepatsaae Seles -eis'« aise s 5532 |...do.....| 2.00 p.m. 28) |. . sec OO.scemeneeeees 
SL (0) 28 Sirk te Gee IS Ss 5532 |...do.....| 3.00 p.m. 28), :\ ae scdOseneeemeetenen 
See 66 (NERS ARO Ea SOC eNe at ARE 5532 |...do.....| 4.00 p.m. 28.4 |oseceOne eee aeeete 
bjt SE GO Ue aon cinGesaaesicien 5532 |...do0.-- 5.00 p.m. Pe SSAA Uap Sanicnicsac ce 
WES OMe aseeseabcivacbin acces GG8D) eal) s6e 6.00 p. m. 28 Wess Osseameeeeeeet 
Seiee GD sense sip Sosa ossonoSe 5532 |...do.....| 7.00 p.m TE ARS Weqspoatac docs 
Beate a eee ene soa cbocnsaace 5532 |...do.....] 7.30 p.m 28) e506 Ole ace eeets 
Upper section of bay. 
H.5330)) Pinole Pt:, N.'56° Bi. --.-__- 5533 | July 21 | 10.00 a, m. 1 | Mic. coe eceeees 
Brothers Lt., 8. 
Rt. Tang. Sisters, N. 28° W. 
Rope QO ee cietlacisisemeieee 5533 |...do.....] 11.00 a. m. 11 ||: |. <doseaeeeeeeeee 
rata GOs tee eee 5533 |..-do....-| 12.00 noon Vi. s. os -eeeeeeeeee 
Bee (60 Seas CCR 6, nee LET 5533))|.-<d.0: <.--|) 82/00) pems. 11 j¢.2..do..eeeeeeee 
Sates fe TOUS ARLE a) pe Sa ae 5533 |...do.....] 2.00 p.m 1D) 2dosee eee 
aBP ee (6 Co ee PAN Se oes sc Ae 5533 |...do.....] 3.00 p.m 1). dose ae 
AP coke GOs: eos scene wees 5533 |...do....-| 4.00 p.m 84)|.--- dotsaareeeneee 
eed co Ko ea Se ATTA Me HONIG EE 5533 |..-do.....} 5.00 p.m 8) |) 2..d0lse seen 
bs. a 0. Ao eciSeseoaane se Be nee 5533 |...do.....| 6,00 p.m 8° 5: ..-:d0ssaenaseaeee 
Las GOES Seem cami eies ie 5583 |.-.do.....| 7.00 p.m. 8 Ui cy. doy eaeeeae 
H. 5331 | San Pablo Bay, off mouth of 5533 |...do.....]| 2,51 p.m ee do..tts SOR ee 
Petaluma Creek, Lt. R (6), 
N. 41° W., 0.59 mile. 
H..5332 | San Pablo Bay, off mouth of 5533 |..-do..... 3.32 p.m, 1 eee do. 20 Aas 
Petaluma Creek, Lt. R (6), 
N. 41° W., 2.26 miles, 
H. 5333 | San Pablo Bay, off mouth of 5533 |...do..... 4.07 p.m 2 essex Cs a ee 
Petaluma Creek, Lt. R (2), 
N. 71° W., 0.75 mile. : 
H. 5334 | San Pablo Bay; Pt. Pinole, 5533 |...do..... 4.52 p.m. 3 =t00.c.beseteed 


8. 26° E., 2.03 miles. 


‘ 
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17 


$ 
. | § | Surf. | Botm Depth. | PY"! Direction. | 8 
= = , ae 
Sela 5 
orl eR.) oF. Min. ui 
eco e(O% 10)55.30 | 80.41 | 32.10 | EK. bot.; Tnr. |] surf. |....... Against |..... 
ese.;4’inter.;| and tide. 
$12, #20; Pr. botm, 
m. 
-2-|57- 60/55. 20 | 30.61 | 32.50 |..... Cree lies er do-sss|sae. 050 RE era ee ee 
eee /D8 00/55. 60 | 30.72 | 32.00 |..... GOs. cee Pads Goss l.. occ) axe docet.. | sees 
o202(08 00/55. 25 | 30.91 | 32.41 |....-. Go Fe esse €Oi2 5. Sto 7celeee GO ee 52 |ece 
e0ee 06. 90/55. 50 | 31.58 | 32.05 |..... GO-5 455 sc8|tae (2 Ko Re PE a a Ow Saaelneees 
<coe[07- 10)55.85 | 31.00 | 31.87 |..... 0 a a a (0 Yeas eee hee Cs (oR ee | ee 
22-06. 70/56. 55 | 31.42 | 31.62 |..... EOsseesies lee Coo | ee ee do... ice et 
eceelOee 10/56. 55.| 31.18 7 31.53 |..... dow. 225. 2c\-88 6 | eps (ef oes a ee dom cen a Se 
ecoc(Oee 10/56. 60 |, 31.13 | 31.49 |..... GOs stiosictaelteoe Co sa enone ec GOs 
--..|64. 10/63. 05 | 21.44 | 24.83 | Ek. bot.;Tnr. | surf. |..-....] Against |..... 
ese.;4’/inter.;} and ide. 
$12, #20; Pr. botm. 
m, 
eee /02. 90/62. 50 | 22.05 | 26.13 |..... Gove bcoscues dons |. sscecaleee doses 2h. 
eses\O2- 80/62.05 | 23.03 | 26.47 |...-.d0.......0.|22- (0 \e} A Hee do... we 
e.-|03. 20/61. 80 | 23.80 | 26.74 |..... 3 Ce a ey ar CO sees eee eas ae bs (a AA! aes 
es--/62. 30/60. 70 | 25.28 | 28.40 |..... (a (7 eee eR es (0 (a eres fe Cote | do. Al ep 
..--/61.30/60.15 | 26.31 | 28.84 |..... Cle aes aedOseca\eecccaelaee Goer. cafeeess 
eeee/61. 10/59. 85 | 28.10 | 29.34 |..... CC ee Ne Onc weccculece do : ae 
««.2/62, 10/59. 85 | 27.25 | 29.34 |..... GOpensaaers| aes Goi se do = 
«2/02. 10/60.00 | 26.94 | 29.25 |....- (i ee eae De MOL 2e| ecw se alec e (6 (ae eae eee 
o<2/62. 20/60. 75 | 26.64 | 28.64 |..... COL. 26% wido:-22 SAG Le eee nes 
geenlcocne 68.80 | 18.35 | 18.33 | Ek. bot... LE re Eee et A adocicmcl Rea 
pteclacens 66.25 | 21.02 | 21.02 |.....do.... AOC oe eet | pet sod 
eenclsoesa (04.10 | 24:07 124.14 1...02. Ce (ah eee bre “3 1G Pepe (ie age! | ier sO) | Lstea 
seeeleseee [63.20 | 25.46 | 25.58 |..... eo MI oe RL | | A ii 


Flood, 0.76 knot 
hr oe hea, pa 


vlogs nearly Chr! 
0.50° knot r hr. 
ean hea ed 8. 

Ebb, 0. 66 knot 
hr. Ship heade 


EMD, 1.20 knots A 
hr. pple 2 headed 

Ebb, 1.15 knots 
hr. Ship hea: a 
NNW 


Ebb, ee ae. 
hr. 
N. 102 w. 
Ebb, 0.76 knot 
hr. Ship h ad 
N. 18° W. Ship 
swung to tide com- 
Foi’ 6 at 6.30. 
pod 0.74 knot 
br. Ship hea ad 
Fieod, 0.66 knot 
hr. Wire bro a 
repaired, but cur- 
rent meter did not 
register properly. 


ed 


Ship Ad anchor 
aa 8. a e. 
Flood, 0.89 knot 
ned: ‘Ship head 


poe 1. 56 knots 
— 


hr. . Shi ip head 
prey 2. 18 hip hesdod S. 
Flood sh os ae 
Hel 45 knot 
Gy) nots 
hip h Headed 8. 
Flood, 1.10 knots 
‘Ship oe 
Flood, 0.32 knot 
; Ship head 
slack, 8, . knot ce 
BT ote 
Bb», 1.35 knots to 
hr. ene headed 


Flood. pe used. 
Do. 
Do. 


Do. 
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Station 
num- 
ber. 


H. 5335 


H. 5336 


H. 5337 


H. 5338 


H. 5339 


H. 5340 


H. 5341 


H.. 5342 


H. 5343 


H. 5344 


H. 5345 


H. 5346 


H. 5347 


H. 5348 


H. 5349 
H. 5350 


Position. 


Upper section of bay—Con. 


San Pablo Bay; Pt. Pinole, 
S. 72° W., 0.73 mile. 


Middle section of bay. 


Fort Pt. Lt.,S. (ee Ww 
Lime Pt. Lt., N. 71° W. 
Angel Id. Lt, N. oom 
Spntham ton Lt., N. 15° W. 
Aleatraz Lt., N. 69° W. 

pe Tang. Goat Id., N. 834° 


Southampton Lt., N.9° E 
Aleatraz Lt., 8. 33° W. 
Blunt Pt., N. 41° vee 
Southampton Lt., 
Bluff Pt., 8. 48° Ww. 
Rt. Tang. Red Rk., N.5° W 


8. 68° E.. 


Southampton Lt., N. 
Alcatraz Lt., 8. 3 3° 
Blunt Pt., N. 56 W. 
Southam ston Lt. ,N. 
Alcatraz Lt., N. 66 
Lft. iene Goat Id., . 
spits BP Wiese 


Angel Id. vi N 
Lower section of bay. 


Goat dito N.S Wiee- --- 

Ferry Bldg., 'N. 55° W 

Rt. Jang. Mission Rk., N. 
83° W. 


Candlestick Pt., N.51° W... 
Shag Rk., 35° W. 

San Bruno Lt., 8. 42° is 

No. 2 Beacon, 8. 33° E....... 

San Bruno Lt., N. 70° w. 

San Mateo Pt., S. 138° W. 


Candlestick Pt., oP Oo iWieee 
Shag Rk., N. 36° 
San Bruno Lt., 8. Wa W. 


Goat Id. Lt., ey 

Ferry Bldg. "N. 55° W 

RL, ee ane. “Mission Rk., N. 

No. 2 Beacon, S. 314° W., 6 
miles. 

No. 2 Beacon, 8. 13° W., 4.33 
miles. 

No. 2 Beacon, S. 22° E., 3.3 
miles. 


Middle section of bay. 


Between Angel Id. and Sau- 
salito. 


sails ceases Deseo ot ecermeea Casta 
eS eisisezl sw eed C0 Ke a Se eS eS 
SoncooodlSacod GO seer le eeeneemne ciate ales 
Angel Id. Lt., mye 1 yee 
Alcatraz Lt., 8. 54° E. 
Lime Pt. Liv 8. 57° W. 
»N.73°E 


Sou parapy on Lt. 
By ang. Angel d., §.64° W. 
a je ‘Angel. Id., S. 


Chart. 


5532 


Date. 


Depth. Character of 


-m, 


7.30 a. 


-m. 


-m. 


12.00 noon, 


bottom. 
Fms. 
125), M2585 Beso 
8 | \ See eee 
TS Joeese do 2c: Be 
Gis] See doit sseeo eee 
O2"|\ Mies sc) seco eee 
12) 4\ eee 
232i) Sst 35. aoe epee 
Bei ee do: 322 3-ca eee 
ALS 5 | are do: fase 
10). Mio 25 32 
Cn ee docs 
Baal dee do 452 eee 
D: :| Mi..2 2. 2 eee 
OF | cceee GOs. .fbscanedes 
4: .3538 do: 2 -ce 
2 \eaeee co Ko RS SS 
Bt Re G0=s.be canoe 
10°) (8.2) 2 cee 
qd. | Ms Sisoeeweeeees 
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Francisco Bay, Caurr., 1912-13, anp Marcu, 1914—Continued. 


Temperature. Salinity. Trial. Drift. 

Apparatus. 2 Remarks. 
= | g | Surf. | Botm. Depth. ae Direction. | 3 

Cue a ; & 

</|@ ios) A 

od fb oN RG - Min. Mi. 

hep {ee eee 64.60 | 24.36 | 24.42 | Ek. bot.......| botm...]......./............|.....| Flood. Launch 

used. 

....|59. 10/59. 30 | 30.41 | 30.37 | Ek. bot.; Pr. | botm...|.......|............|----- _ Ebb, 1.74 knots per 

| m. hr. 

Sg ai 29.02 | 29.23 |..... G (yee a gel bees (i Cs a ee (i fe Pee re FP re 2 A Eyes 1.13 knots per 

_.. let.00168. 70 28. 26 | 28.77/\|.....< CRB seieeel (aoc Cs (1 ee en las tS 5 34 Hee oe 1.68 knots per 

.---/61. 80/59. 55 | 26.73 | 29.74 |..... (3 (oy Sees Sees |e C6 Kee Ee (es ke ee |) 2 ee ge, 0.65 knot per 

... (62. 10/59.15 |....... 30.03 |..... doe 7 Tried SENOS Te EUR alee [ees Flood, 0.37 knot per 

..--|60. 30/58. 70 | 29.16 | 30.26 |..... dan. 428) © h(i aa eee SS ee Flood, 1.05 knots per 

hr. Bow midway 
in Golden Gate. 

..--/60. 30/59. 30 | 28.35 | 30.08 |..... GO eee s2< C6 (TE era, See Se ..-- Flood, 1.56 knots per 

hr. Ship headed 
N. 42° W. 
-..-|09. 10/59. 90 |......- 31.49}. 52-5 Ca rote, See am GO. scale cance le bace ct eee eee Flood, 1.97 knots per 
hr. Headed toward 
Mt. Diablo. 
| 
..--|64. 10/62.60 | 28.42 | 29.04 | Ek. bot.; Tnr. | surf. |....... Against |..... Ebb, 0.95 knot per 
ese.; 4’ inter.; and tide. hr. 
#12, #20; Pr. botm. 
m. 

_..../69. 20162. 05 | 27.92 | 27.92 |.....do.........|.-- dl as. Wao aaR. potent | Flood, 0.22 knot per 
|. hr. Net ima 3 
| _ min. 

.-.-|69. 10/63.95 | 27.85 | 27.81 |..... does <<. .|-<5 domes|e a uase dots Ses ee 0.27 knot per 
| . 

.-- -/69. 20/68. 95 | 27.83 | 27.83 |..... co be See be doves. s---|aae das. .2- peas! Wy os? epee 

....{67. 20163. 90 | 28.75 | 28.78 |..... 7 eee Ee oe ee ee doz 2-8 hL-2] Flood, 1.21 knots per 

| - 
|--- -|62. 20/60. 85 28.91 | 29.74 |..... (1 Coe > 9 eee bee 00:22. |e225-- Against/]..... Flood, 1.35 knots per 
tide. hr. 

Se poe 68.75 | 27.61 | 27.56 | Ek. bot..... botamt.si8 30-5 jnaseraeceeeieen as Seto F Launch 
| used. 

Sestlonces Ceca eal we Oa ce LONE ck << cl oes Oereale = oecsc| oemanaraee—ehesecc Do. 

eal Beane OU aee Ciel ota COW eran an OOcecicts <.c,.|asc@Orecesaccac| oeamonctee aclesoae Do. 
| 

bl |e [Sel See ees (2 inter.; #12, | surfe-.-| 20 | Against -.... 

|” #20. tide. 

aoc Ee BSSEee! Ree eee panel Got se--.. .\--cOGmeerier 20) |-seOOees ce |ecca. 

aot haan AoE Se eee [once Sevens Beeson 20 ye one sas seed 

scree A RS A De co (8 RR Pie cs ey S| a Ree bs Oe ee 

2-71 2 atd ae Re ee ve Be CE A at ee) eG ee 

63 |*54.2/53.2 | 12.81 | 29.04 | Ek. bot.; Tur. |...do.... 8% Anchored . eed Ebb tide. 1.83 knots 

| ese.; 4’ inter.; er hr. NZ Surf., 
12, #20; NZ; #08523; L, 471738; 
eid. » #98260. 
59 )*54. 5153.5 | 11.78 | 18.35 |..... a (ne eee seelOua=- OF |e -dOscseca. leech Ebb tide. 2.43 knots 
| | || per br. 
} | 
51700°—21——13 
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DREDGING AND HypDRoGRAPHIC REcorps SECURED IN SAN 


Station 
- ane Time of Character of 
iy Position. Chart. Date. day. Depth. bottom. 


Middle section of bay—Con. 
¢.8. 


1914. © Fms. 
H. 5353 | Brothers Lt., N. 224° E 5532 | Mar. 5 | 11.45a. m. 841 Bs. .soee eee eeeeee 
Southamp on Lt.,S. 364° rE. 
Rt. Tang. Red Rk.,S. 67° E. 


Upper section of bay. 


H. 5354 | Brothers Lt., S. 27° W....... 5533 | Mar. 5] 1.11 p.m. 64 |] Mineccnaeteceseeer 
Pinole Pt., N. 693° E 
Rt. thane. Sisters Id., 8. 


H. 5355 Pinole Pt., SUSGL We cots 5533 |...d0..... 1.57 p. m. 6 jeces-QO0ccsesee eee 
Lone Tree’ Pt., S. 79° E 
Mare Id. Lt., N. 68° E 

H. 5356 | Carquinez Lt., N. 454° W.. 5533 |...d0..... 2.44 p.m. 13. | \m. Si. c.cemeeeeeee 
Lit. Teeane Crockett Wht., Sh 


Rt suane: Selbe Whi., 


Middle section of bay. 


H. 5357 | Angel Id. Lt. aa 26° E...... 5532 | Mar. 5] 4.41 p.m. CU  fispeecoecbectss enc. 
Alcatraz Lt., S. 54° E. 
Lime Pt. a S. 53° W. 


H.5358 | Fort Pt. Lt., 2 Mifeooncdd 5532 | Mar. 6] 10.18a. m. UY Nees OO rederonseéor 
Lime Pt. te Neo W. 
Angel Id. Lt., N. 18° E. 

H.5359 Southampton, Lt., N.14° W.. 5532 |...d0..... 11.04 a. m. 16} |...... ésenteataeeees 
Alcatraz Lt., N. 71} °W 
Lft. Tang. Goat Id., N. Me E 


Lower section of bay. 


H. 5360 | Goat Id. Lt., Nae TO RAB AS 5531 |} Mar. 6 | 11.33 a. m. 12) ‘\esescsscpat emanate aa 
Ferry Bldg., N. 74 
ee sane: Mission Rik., S. 


H. 5361 ie: Rk, N. one Wissosacse 5531 |...d0..... 12.21 p.m. Gh san sacceseeesneecens 
San Bruno Lt., 8. 173° 
Candlestick Pt. wT 76° W 

H. 5362 | No. 2 Beacon, 8. 354° E...... 5531 |...do..... 1.29 p.m. 6. | Mi uvseqeeeuneeee 
San Bruno Lt: N. 68° W. 
San Mateo FN 8. 8° E. 

H.5363 | Goat Id. Lt., N. 12K. pee 5531 |...40..... 2.52 p.m. 103. | m. S wucareeomecee 
Ferry Bldg., N. “714° W . 
Rt. Tang. Mission Rk., 8. 

40° W. 


Middle section of bay. 


H. 5364 | Southampton (ld. 14° W.. 5532 | Mar. 6] 3.21 p.m. 21° | \8.; Mioseevesem eee 
Lft. Tang. Goa d., N. Ze 
Alcatraz Lt., , 
H. 5365 | Fort Pt. Lt., 8. Rate iWisieeost 6532 |...do..... 3.57 p.m. 1235) (So aseawemeecs Borssc | 
Lime Pt. Lt., wi 


Angel Id. Lt., XN. Soe. | 


i 


DREDGING AND HYDROGRAPHIC RECORDS. 


Francisco Bay, Cauir., 1912-13, AnD Marcu, 1914—Continued. 
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Temperature. 


72 


60 


59 


*54. 8/53. 05 


#54. 7/53. 15 


*55. 1/53. 2 


#55. 5/53. 15 


64 /*56. 1/54. 15 


62 |*56. 7/53. 7 


66 |*56. 3/53. 25 


70 


#55, 5/53. 2 


#55, 8/53. 25 


Salinity. Trial. 
Apparatus. 
Surf. | Botm. Depth. | Pure 
: Min. 
paeeeee 24.65 | Ek. bot.; Tnr. | surf.... 93 
ese.; 4’ inter.; 
12, #20; NZ; 
Tom: 
7.65 | 11.04 | Ek. bot.; Tnr. | surf.... 8h 
cse.; 4’ inter.; 
#12, #20; NZ; 
Pr. m. 
4.02 | 13.42)]....- (3 (oR ae et ae be do.. 10 
Sash aie Cav ir ( I FER SRAs (ees Be ects CBee 8 
11.62 | 30.34 | Ek. bot.; Tnr. | surf....| 10} 
ese.; 4’ inter.; 
#12, #20; NZ; 
m. 
15.12'| 30. 52) |... - Gow aeae cesses dois.) lL 
14.72 | 29.60 |..... GON velcaseslaes do....| 113 
12.32 | 30.07 | Ek. bot.; Tnr. | surf....} 11 
ese.; 4’ inter.; 
#12, #20; NZ; 
Pr. m. 
11. 85 | 20.32 }..... GOrdss2secé|ses d0-556 31 
127 |) BB. 17 eee e GO! acseeteclcce do...) -11 
11,46. |, 20. 23)..... GQ - Fosscclese daly 413 
10.03 | 30.57 | Ek. bot.; Tnr. | surf. 8h 
ese. ;4’ inter.; 
12, $20; NZ; 
Saris 
12, 45 | 30.05 }..... GOs. ce ce clsce da... 9 


Drift. 
Direction. 


g 
3 
y 
A 


Mi. 
Anchored.|..... 


Anchored.|..... 


Anchored.|..... 


Anchored. 


BA: (Cr Sees 


eacOOlcce ces 


nae COseenida.s 


Remarks. 


Salinity too low to 
be secured from 
Knudsen’s Tables. 
Ebb tide3.40 knots 
per hr. 


Ebb tide, 0.90 knot 
per hr. 


Ebb tide, 2.06 knots 
per hr. 


Salinity too low to 
be secured from 
Knudsen’s Tables. 
Ebb tide 2.19 knots 
per hr. 


Flood tide, 0.51 knot 
per hr. 


Ebb tide, 3.02 knots 
per hr. 


Ebb tide, 2.79 knots 
per hr. 


Ebb tide, 1.01 knots 
per hr. 


| Ebb tide, 0.95 knot 
per hr. 


Ebb tide, 1.61 knots 
per hr. 


| Flood tide, 0.32 knot 
per kr. 


Flood tide, 2.73 knots 
per hr. 


Flood tide, 0.84 knot 
per hr. 
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DREDGING AND HyproaerapHic REcorDs SECURED DuriInG HaLisut 


Station A 
aA Time of Character of 
a Position. Chart. Date. day. Depth. soritan: 
(G8 sk 1914. Fms. 
H. 5366 Hoole i Head Lt., N. 694° E 6000 | Apr. 29| 5.00a. m. 68 | Shi., rky- <2) oe 
27.3 miles. 
H. 5367 ere Head Lt., N. 68° E 6000 |...do..... 5.22 a. m. 79) ine, bk. S2.-- eases 
2 miles 
H. 5368 | Heceta Head Lt., N. 664° E 6000)}})2--dOzes- = 5.33 a. m. 84) 5528 G0. ase 
28.8 miles. 
H.5369 | Umpqua River Lt., S. 564° 6000 |...do..... 5.47 a. m. 110M) sees i Se ae = 
E., 29 miles. 
H. 5370 Hecéta Head Lt., N. 67° E., 6000 |...do..... 6.04 a. m. 80) (Sh rkyoss-ssteas 
30.3 miles. 
H. 5371 Hoos ead Lt., N. 69° E., 6000 |...do..... 6.15 a. m. 84 | Shl., gran-........ 
miles 
H. 5372 Bee Head Lt., N. 704° E G000)}|/2--dos-ea— 6.35 a. m. 90'| fnei |G. 2 2 eocemees 
miles. 
H. 5373 pe ee Lt., N. 72° E., 6000 |...do..... 6.50 a. m. 165¢|" nel bKS =. 
mi 
H.5374 | Heceta Head Lt., N. 734° E., 6000 |...do..... 7.10 a. m. 100}... bos ececteeeeeeeee 
32.2 miles. 
H.5375 eae Lt., N. 75° E., 6000 |...do..... 7.30 a. m. 84: ersi'Giss2a5- eee 
es 
H. 5376 Bee Ht Head Lt., N. 764° E 6000 |...do..... 7.50 a. m. 80 | Shl., hrd. M....... 
miles. 
H.5377 | Heceta Head Lt., N. rays 6000 |...do..... 8.05 a. m. 88 | Shl., rky. gran., 
31.5 miles. bk. S., G. 
H. 5378 Hevea Head Lt., N. 794° E 6000 |...do..... 8.15 a. m. 923) Gi. see te sae ee 
7 miles 
H.5379 Heat Lt., N. 85° z 6000 |...do..... 12.25 p.m. 182 | fne. bk. S.....-...- 
c les. 
H..5380 Heer Head Lt., E., 31.8 6000 |...do..... 1.05 p.m. 130)| Shirky ------2--e 
H.5381 | Heceta aoe Lt., S. 85° E., 6000)|S2dor2=-= 1.50 p.m. SIs Se d0.3.5 2s 
30.9 miles. 
H.5382 | Heceta ved Lt., S. 82° E., 6000 )=--dote.-- 2.18 p.m. 80"). 2stesceeee eases 
30.6 miles 
H. 5383 | Heceta Head Lt., S. 784° E., 6000 |...do..... 3.20 p.m 76 | Shi, rky--..--.--- 
30.5 miles. 
H.5384 | Heceta Head Lt., S. 76° E., 6000 |...do..... 3.45 p.m 60h) <8 dO. 2-5: cecesele 
30.3 miles. 
H.5385 | Heceta Head Lt., S. 73° E 6000 |...do..... 4.05 p.m 61-}. M. 3 ..cc.65 46> aoeee ee 
30.3 miles. 
H. 5386 Hee a Head Lt., S. 704° E 6000 |...do..... 4.32 p.m 67 | fne. bk. S., fne G 
Iniles. 
H. 5387 | Heceta Head Lt., S. 69° E., 6000 |...do..... 5.10 p.m 63) SDI 2 oeeeaeeeeeee 
28.2 miles. 
H. 5388 Hite Head Lt., S. 66° E., 6000 |...do..... 6.00 p.m $5 |) sscd sslaee Renee 
H. 5389 Hee eed Lt., S. 76° E., 6000 | Apr. 30 | 1.00p.m 61 | Shl., hrd. M....... 
Miles 
H. 5390 Heceia a Mend Lt., S. 76° E., 6000 |...do..... 1.37 p.m. 67) Shit, rkyc--o-eeene 
H.5391 | Heceta Head Lt., s. 753° E 6000 |...do..... 2.04 p.m 64 | bk.iS:,) Messse-. 
27.1 miles. 
H.5392 | Heceta iced Lt., S. 75° E 6000 |...do..... 2.24 p.m 62 | Shl., gran......... 
28.3 miles. 
H.5393 | Heceta Head Lt., S. 75° E., 6000 |...do..... 2.46 p.m 71 | Shi. brds Moose. 
29.9 miles. 
H. 5394 Hee Head Lt., S. 72° E., 6000 |...do..... 3.22 p.m 79°) gn. Miocene eee 
H.. 6395 a Hea Lt., S. 694° E., 6000) |<: do....< 3.49 p.m SL) z2ee i ses - 
29.7 miles. 
H. 5396 Hoos Heed Lt., S. 65° E., 6000 |...do..... | 4.52 p.m 82 | Shi., gran. ---- cee 
.7 miles. 
H. 5397 Beene Lt., S. 61° E., 6000 |...do.....) 5.51 p.m 85 | gn. M.; fme. bk. S 
miles. 
H. 5398 Yaquina Lt., S. 894° E., 19.6 6000 | May 2 | 12.00 noon. Obalescce do..A2.-co 
es. 
H. 5399 | Ya nina Lt., S. 87° E., 19.5 6000 |...do.....) 12.17 p.m. $3: eee do:.:°3.. see 
miles. | 
H. 5400 eae Lt., S. 834° E., 19.1 6000 |...do.....| 12.34 p.m. 90"). Ss. do. ...0.33-seeee 
miles. | 
H. 5401 pie Lt., S. 84° E., 19.9 6000 |...do..... | 12.52 p. m, OBi | eee d0:.<..,5208seee 
miles. 


DREDGING AND HYDROGRAPHIC 


INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 AND 1915. 


Trial. 


Depth. tion. 


Tnr.-Blishsdr.;}......... 
30-Ib. lead. 


30-lb. lea : 


Tar Blich Sdr.5l'-.cgqcu|\oo0 1-1 
30-Ib. lead. 
Qe as eivae| Sater pee se how ns 


MrnBlishSdr.s|. ...<een|-3-<+- 
TEE ib. lead. 
7 ae eee oc] (See 


POE os oct ele se eagle sees 


Eee GOs bo s.3 teed ao sees sc2- 


wowed. cece weenie ee wwweeclee- 


GO) S505 onelandenGuse 


ee ee 


ee ee 


Dura-| Direction. 


GO eee oie cca pieeccemeglincsae2e 
3 OR EE BESS OSES — > -- | eeemoee 


G0r Aso scechseee ess <2 2 


| i 
| 
Ce eer el seer c-« |eeore 
(ae ey PEE = eo] meee 
pos sf ohecaes Obes 22s 3-| ee eeeee 
fa'= mie alte oe gl CT SERS eee 8 -| eee 
[ote eree|ee eee (| SRR leasOc = oh-| getseae 
pats “OSE BRBOG Diner <-o aaee 
eee Cee ONS anne | siecis - 2/5: ||apesooe!(seoc ocean 
(cated [ngs Seer eee SR (OBS eee (e+ So ora |S a eeec | ee nee eae 
[seereeeleeeee (LO sete e snc otal sence seis leone ania |p ninaee mae clas 
Sdwetd USE EO (cS. ESCH Gee | Sep Sa 
bapen el ire Cll be Ce) SOP 
25-Ib. lead. 


RECORDS. 


Drift. 


Distance. 


Lead drop 


83 


Remarks. 


d twice. 
No sample. 


Salt herring used as 
bait. 


Do, 


Sounding wire fouled 
propeller; 61 fms. 
cable cut away. 
Nosample. 


Lead lost on haul in. 


84 


Station 
num- 
ber. 


U. S. BUREAU OF FISHERIES. 


DREDGING AND HyproGraApuHic Recorps SEcuRED DuriInc HALIBUT 


Position. 


Chart. 


Character of 
bottom. 


——————__ oct | aon a) | 


H. 5404 
H. 5405 
H. 5406 
H. 5407 
H. 5408 
H. 5409 
H. 5410 
H. 5411 
H. 5412 
H. 5413 
H. 5414 
H.. 5415 
H. 5416 
H. 5417 
H. 5418 
H. 5419 
H.. 5420 
H. 5421 
H. 5422 
H. 5423 
H. 5424 
H, 5425 
H. 5426 


H, 5427 
H. 5428 


H. 5429 
H. 5430 
H. 5431 


Yaquina Lt., S. 82° E., 19.8 


miles. 
Yaguina Lt., S. 804° E., 19.8 
miles. 


Yai pine Lt., S. 77° E., 19.5 
es. 
eae Lt., S. 74° E., 19.4 
equine Lt., S. 714° E., 19.2 
miles. 
eauine Lt., S. 684° E., 19.2 
miles 
Vequige Lt., S. 60° E., 19.3 
<eanins Lt., S. 504° E., 19.2 
miles 
Yeahs Lt., S. 43° E., 20.9 
miles 
Yaquina Lt., S. 33° E., 19.6 
miles. 
Yaquina Lt., S. 28° E., 20 
miles. 
Yaquina Lt., S. 214° E., 20.3 
Miles. 
Yaquina Lt., S. 154° E., 21.5 
miles. 
Yaquina Lt., S. 154° E., 22.2 
Miles. 
Yaquina Lt., S. 154° E., 22.8 
miles. 
Yeguine Lt., S. 13° E., 23.3 
iles 
eeonine Lt., S. 154° E., 24.4 
les. 
Yaguina Lt., S. 15° E., 26.6 
miles 
Yaquina Lt., S. 15° E., 28.8 
Miles. 
Yaquina Lt., S. 15° E., 31 
miles. 
Yaquina Lt., S. 15° E., 34 
miles. 
Cape Kiwanda, S. 77° E., 14 
Miles. 
Cape Meares Lt., N. 543° E 
17.1 miles. 
Cape Meares Lt., N. 70° E 
17 miles. 
Cape Meares Lt., N. 80° E 
16.6 miles. 
Cape Meares Lt., N. 86° E 
16.4 miles. 


Cape Meares Lt., N. 86° E 
15.1 miles. 


Cane oenee Lt., S. 84° E 


cs Meares Lt., S. 76° E., 
.9 miles. 

Care Meares Lt., S. 74° E., 
18.3 miles. 


Date. 
8S. 
aad Ea 
6000 |...do.. 
6000 |..-do..... 
6000 |...do..... 
6000 |..-do..... 
6000 |...do..... 
6000 |..-do. 
6000 |...do..... 
6000 |...do..... 
6000 | May 3 
6000 |...do..... 
6000 |...do..... 
6000 |...do..... 
6000 |...do..... 
6000 |...do....: 
6000 |. ..do..- 
6000 |...do..... 
6000 |...do..... 
6000 |...do.. 
6000 |...do. 
6000 |...do. 
6000))/-2do ssn: 
6100 |...do. 
6100 |...do..... 
6100 |...do..... 
6100 | May 4 
610C |...do..... 
6100 |...do..... 
6100 |...do..... 
6100 |...do..... 


1.15 p.m, 


1.28 p, m, 


or 
& 
Reena 
Shieh fe 


. 


& 
Rinks (2 eR Pose! ieee rire 
BEB BEEBE BBE BB EBB EB B 


oa 
S 
© 
is] 
B 


7.36 8. m. 
8.34 a. m. 
8.49 a. m. 


ms. 
96 | gn. M.; fne. bk. S 


84 | Shl., hrd. M....... 


82) Shi rkye.os-eosee 
89 | gn Moo eee 
96". 5 -0.c-e eee 
96 ||. --2-dOi ee ceases 
96 ||. 222-dOssa ne seer 
O35 Eas do-=-. 5-2 eee 
101: 32t.dort{2r oa eeee 
96)|-235 dov--2 essences 
88 HEC CR aeeiseSade 
Souitasee 02.5. -ee eee 
Silt aes Cr Reet eso = 
Ue eee OOF nseimnce 
85) 12 eee Cas Seta ecicr 
Ys ee dos. Scan 
LOO Soex dos Sees 
WIAs ke dol-c: ssese aes 
LOOH? saree do:<-.ee=enceee 
103 |..... Sic, ein. 
99) | Seeer Cs (Rf 
10Siic 2256 dost. seesnee 
Oot as d0ss.cceeeosee 
L0G i Sosen dO. ss desesoee 
100! 228 doso-.-eaeeeas 
98 |< --. <O0s ones aceeane 
100 |.-... do: «= swesoaue 
98 | Shi., hrd. M....... 
100'| en. Ma-22.22eeeeee 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 AND 1915—Continued. 


Trial. Drift. 


Remarks. 


Dura- 
Depth. tion. Direction. 


— |_| |__| —— | uO |“ |_| _______ | ———. 


Tnr_-Blish sdr.; botm.. CU) Abe Abe eco |GOet ae Dories sa e's at 
25-Ib lead; o 1.35 p. OL p: 
p. dr., ‘Alb. dr. dtoppe d at 2.01 
smp.; 2skates. p. m.; hauled in 

2.07; empty. Alb. 

smpl. down 2.29; 

up 2.33; upper 
part slightly bent; 

struck by wei nt 

(520 Ibs.) rigge 

fms. above he 

ler. Salt herring 
bait. 

Wrire Blush SOT ssc caane asl scasecalaeectecce peclercek 
25-lb. lead. 


ead; 


TWrir<B lish Orso ceeate tes sone bee ee enol eats Cable on small winch 
25-lb. lead; arted; 6 fms. ca- 
4’ inter. le, 1 wt. (150 

Ibs. ), 1 ball-bearing 

swivel and 4’ inter. 

net lost. 


25-lb. lead 
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U. S. 


BUREAU OF FISHERIES. 


DREDGING AND HyproGRAPHic RrEcorps SECURED DurInG HALIBUT 


Station 
num- 


H. 5437 
H. 5438 
H. 5439 
H. 5440 
H. 5441 
H. 5442 
H. 5443 
H. 5444 
H. 5445 
H. 5446 
H. 5447 


H. 5448 
H. 5449 
H. 5450 
H. 5451 
H. 5452 


H. 5453 
H. 5454 


H. 5455 
H. 5456 
H. 5457 
H. 5458 
H. 5459 
H. 5460 
H. 5461 
H. 5462 
H. 5463 
H. 5464 
H. 5465 
H. 5466 
H. 5467 
H. 5468 


Position. 


Cape Meares Lt., S. 674° E., 

Tillamook the N. 463° E 
25.5 mile 

Tillamook Lt, N. 52° E., 25 
miles, 

Tillamook Lt., N. 59° E., 
24.9 miles. 

Tillamook Lt., N. 664° E 
24.9 miles. 

Tillamook Lt., N. 734° E 
25.4 miles. 

Heceta Head Lt., S. 68° E., 
25.2 miles. 

Heceta Lt., S. 69° E., 25.9 


miles. 

Heceta Lt., S. 70° E., 26.6 
miles. 

Heceta Lt., S. 703° E., 27.2 
miles. 

Heceta Lt., S. 714° E., 27.9 
miles. 

Hecate Lt., S. 72° E., 28.6 


Heceta Lt., S. 74° E., 28.9 
miles. 
Bees Bt. 8. 75° E., 29:5 


miles. 
Heceta Lt., S. 75° E., 28.7 


miles. 
Heceta Lt., S. 74° E., 29.2 
miles. 


Hibeele Lt., S. 734° E., 28.7 


miles. 
Heceta Lt., S. 704° E., 29.3 
miles. 
Hee Lt., S. 683° E., 28.6 
es 


miles. 
Hecels Lt., S. 663° E., 28.7 


miles. 

Heceta Lt., S. 634° E., 28.7 
miles. 

Heceta Lt., 8. 60° E., 29 miles. 

Heceta Rite S. 54° Ce 29.7 


miles 
Heceta’ be S. 484° E., 30.5 


Heceta Lt., S. 474° E., 30.7 
miles. 
Heceta Lt., S. 474° E., 31.3 


miles. 
Yeguina Lt., N. 70° E., 25.4 
Yaquina Lt., N. 743° E., 23.4 
vaquina Lt., N. 81° E., 21.7 


Yaquina Lt., N. 82° E., 21.4 
miles. 
Yaquina Lt., N. 83° E., 21.2 


miles 

Yaquina Lt., N. 844° E., 20.8 
miles. 

Yaquina Lt., N. 86° E., 20.6 
miles. 

Yaquina Lt., N. 87° E., 20.3 
miles. 

Tequina Lt., N. 88° E., 20 


Varina Lt., S. 89° E., 19.8 
miles. 

Yaquina Lt., S. 854° E., 19.7 
miles. 


Chart. Date. Pipe ioe Depth Charnctes of 
C.8. 1914, Fms 

6100 | May 4] 9.25a.m., OF) erty Mica eeeer eee 
6100 |...do..... 9.56 a.m, (2) | ences dOwijsccuee=ees 1 
6100 |...do..... 10.35 a. m. 951). s <6 dO sss ashes 
6100 |...do.... | 11.08 a. m. O57 cee dost. seeehones 
6100)|-2-do----- 11.41 a. m. OF ecm dOs-e ss5e eee 
6100 |...do..... 12.11 p.m. 87 ile do. fe. tees 
6000 | May 5] 5.0la.m. 51 || Shi. hrd?)Meeeees 
6000 }...do..... 5.21a.m. 47 | fne. bk. S_ 2222-2 
6000 }...do-..... 5.35 a. Mm. (4) Boece dO. 12 seats 
6000 }...do..... 5.45 a. m. 43 | Shl., gran., fne 
6000 |...do..... 5.56 a. m. 49 shee soot 
6000/12. dol---- 6.08 a. m. O0i/eesee dO... e-cnee eee 
6000 }...do..... 6.214. m. 61 | Shl., gran., fne. G. 
6000 |...do..... 6.32 a. m. 62)\| 226 - eis eee 
6000 |...do..... 6.48 a. m. 61 | Shl., gran., fne. G. 
6000 |...do.....] 6.58 a.m. 3 poe dO scene tenes 
6000 |...do..... 7.09 a. m. (at | Beas dOic 5 weneeead 
6000 |...do.....| 10.23 a. m. 62 | Shi., hrd. M....... 
6000 |...do..... 10.39 a. m. ual Bape Gl ooanstossocc 
6000 |...do..... 11.18 a. m. i Bese dO..Joc-h.-ce 
6000 |...do.....] 12.01 p.m. 65il- eee d0s:acecreees 
6000 |...do..... 12.44 p.m. 72\| Shi., granccccsenee 
6000 |...do..... 1.25 p.m. 79 | gn. i 
6000 }...do..... 2.08 p.m. 82 | Shl., rky...-.-..2. 
6000 |...do..... 2.20 p.m. 78 | Shl., hrd. M....... 
6000 |...do..... 2.38 p.m COM Beers dos.. Sasee aan 
6000 |...do..... 3.22 p.m 162, | gn. Meee secee see 
6000)/|-.-do:-- =: 4.08 p.m is Gy Peas do... Vhtes cee 
6000 |...do..... 4.53 p.m. 89 | Shl., hrd. M....... 
6000 |...do..... 5.05 p.m 91 | Shl., gran....-...- 
6000 @0l--s8 5.18 p.m 92) | (gna Mic eceeesee - 
6000) |. -do.e-ce 5.31 p.m 89}}- 2aas dO... seoen- eee 
6000 |...do.....]. eeccccccece 85) 1 Shit; hrds Mecs-ses 
6000 Go:sese 5.55 p.m by Pa Gch ccwsaener 
6000 |...do..... 6.07 p.m. 80 | 0626s ccce ce peeeeee 
6000 |...do.....] 6.23 p.m. Ol.) gn... Mi. coceeeccee 
6000 |...do.....] 6.41 p. m. QO: facade. scce Seema 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 AND 1915—Continued. 


Temperature. 


ce fc | ese | |e | ee | CS | A | 


ste eee 


see eee 


wee eee 


Surf. 


Salinity. 


Apparatus. 
Botm. 


eis ae | ses ainin's Trn.-Blish sdr.; 
25-Ib. lead. 


Depth. 


Drift. 


Dura- 
tion. 


Direction. 


See te ee ed ey 


Rt ee) eee or ard 


See Seed er eed es 


Tnr.-Blish 
25-lb. 
2 skates. 


do 


Tnr.-Blishsdr.;|...do.... 
25-lb. lead. 


sdr.;| botm... 


lead: 


ed ees ed Deas 


ee eeeee 


Remarks. 


One dory lowered; 2 


fishermen ;steamed 
ahead 5 minutes; 
then lowered 2d 
dory. Salt herring 


bait. 


See eee ees es 
eee ee ee ees ee 
es ees ee 
ee eee eee eres 
Ce es 
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U. S. BUREAU OF FISHERIES. 


DREDGING AND HyproGRAPHIC REcoRDs SECURED DurinG HALIBUT 


Station 
num- 
ber. 


H. 5469 
H. 5470 
H. 5471 
H.. 5472 
H. 5473 
H.. 5474 
H..5475 
H. 5476 
H.. 5477 
H. 5478 
H. 5479 
H. 5480 
H. 5481 
H. 5482 
H. 5483 
H. 5484 
H.. 5485 
H. 5486 


H. 5487 


H. 5488 
H. 5489 
H. 5490 
H. 5491 
H.. 5492 


H. 5493 
H. 5494 
H. 5495 
H. 5496 
H..5497 
H, 5498 


Position. 


wanes Lt., S. 834° E., 19.6 
‘aa Lt., S. 81° E., 19.2 
avai Lt., N. 47° E., 10.5 
tmniles. 
Yaquina Lt., N. 504° E., 10.2 
miles. 
Yaquina Lt., N. 534° E., 10.1 
miles. 
Yaquina Lt., N. 563° E., 10 
miles. 
Yeas Lt., N. 604° E., 10 
Yoana Lt., N. 62° E., 10.3 
tiles. 
Yaquina Lt., N. 63° E., 10.6 
tniles. 
Yaquina Lt., N. 64° E., 10.9 
miles. 
Neadios ts, , N. 643° E., 11.3 
bho era Lt., N. 65° E., 11.6 
miles. 
Yaquina Lt., N. 66° E., 11.9 
miles. 
Yaquina Lt., N. 67° E., 12.2 
miles 
Yaquina Lt., N. 68° E., 12.6 
Want Lt., N. 69° E., 13 
miles 
Yaquina Lt., N. 70° E., 13.2 
miles. 
Yaquina Lt., N. 71° E., 13.7 
niles. 


Yaquina Lt., N. 72° E., 14.5 
miles. 


Yeguins Lt., N. 754° E., 14.4 
Yaquina Lt., N. 784° E., 14.4 
miles 
Yaquina Lt., N. 81° E., 14.4 
miles. 
Yaquina Lt., N. 88° E., 14.5 
miles 


Yaquina Lt., N. 81° E., 14.4 
Iniles, 


Yaquina Lt., N. 874° E., 14.3 
thiles. 
eos Lt., S. 883° E., 13.9 
cate: Lt., S. 855° E., 12.4 
miles. 
Maguine Lt., S. 81° E., 12.6 
ee Lt., 8. 764° E., 12.2 
miles. 


Yaquina Lt., S. 72° E., 11.8 
Iniles. 


Chart. 


6000 |..- 


Date. 


ped Ones 
eeOOseaac 
eaOssene 
eedOsssue 


edOzeeeg 


ic ina Depth. 
Fms. 
6.58 p.m 89 
7.16 p.m 90 
6.36 a. m 47 
6.55 a. m. 45 
7.03 a. m. 45 
7.12 a. Mm. 44 
7.19 a. m. 41 
7.27 a, ™m. 40 
7.35 a. Mm. 38 
7.41 a. m. 39 
7.48 a. Mm. 35 
7.55 a. Mm. 30 
8.02 a. m. 33 
8.10 a. m. 38 
8.16 a. m. 40 
8.27 a. Mm. 44 
8.36 a. m. 48 
8.47 a.m 54 
8,55 a. m. 57 
11.30 a. m. 64 
11.44 a. m. 61 
11.54 a. m. 61 
12.07 p.m. 61 
12.26 p.m. 62 
5.27 p.m 76 
5.33 p.m 72 
4.40 a. m 52 
4.52 a.m 55 
5.09 a. m 60 
5.30 a. m 63 


Character of 
bottom. 


ers. gy. S., brk. Sh. 


Shl.,hrd.M....... 
Shl., gran., fne. G.. 
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INVESTIGATIONS OFF OREGON-WASHINGTON CoAsts, 1914 AND 1915—Continued. 


Salinity. 


Temperature. 


Surf. | Botm. 


25-Ib. 


Ss Oe ee 


es Oe ee 
Se eee a 
ee eee 
es ee ee ee 
es Oe ee 
es eg ee 
ees es ee ee 
es ee eee 
ees ee eee eed 
Ree) ee eed 
See eee eee 
ees ed eed 


Tnr.-B 


weer rsleweeeesleenecee 


Alb. 


ee ee 


Apparatus. 


Tur. Blishsdr.; 


25-lb. 
1 skate. 


Tnr.-Blish sdr.; |... 
25-lb. 


1 skate. 


Tnr.-Blishsdr.; 
25-lb. lead. 


*53.9| 17.3 | 29.76 | 33.71 | Tnr.-Blishsdr.; 

(?) 25-lb. 
Pane: bDot.: 
Alb. 
2 skates. 


Tur.-Blish sdr.; 


Dura- 


tion, Direction. 


Depth. 


lead. 


eee es ee eee ee ed ees 


eee ed en ee er ed ea 


ee ee ee ee ee a 


eee ee eee eed ay 


Pee ee eee ee ee ee es ea 


eS ee ee ee ee ee | 


se 
lish sdr.; 
lead; 


lead; 
smp.; 


lead; | 


smp.; 


Se ees 


Remarks. 


same Tre- 
hoisted 
10.57 a.m 


At 8.55 lowered a 
dory; had fishing 
lines over side; 
dory ret., hoisted 
11.18 a.m. Alb. 
smp. used at 11.15 
a.m. Salt herring 
bait. 


Lowered 2 dories at 
12.26, 2 fishermen 
each made double 
bank set; 1st dory 
ret. 1.54; 2d at 3.01. 
Line broken about 
3 ft. from anchor, 
dory No. 1. Salt 
herring bait. 


U. S. BUREAU OF FISHERIES. 


DREDGING AND HyproGRAPHIC REcorDs SecurED Durinc Hauut 


H. 5519 
H. 5520 
H. 5521 
H. 5522 
H. 5523 
H. 5524 
H. 5525 
H. 5526 
Hy5527 
H. 5528 
H. 5529 
H. 5530 


Position. 


Yaquina Lt., S. 66° E., 11.8 
miles. 

Yaquina Lt., S. 614° E., 11.8 
Iiles. 

Yaquina Lt., S. 57° E., 12 
Iniles. 

“aquing Lt., S. 52° E., 12.2 


Iniles. 
Yaquina Lt., S. 48° E., 12.4 
miles. 
Manning Lt., S. 434° E., 12.7 
iles 
peaios Lt., S. 40° E., 13.1 
Miles 
yeanina Lt., S. 354° E., 13.2 
iles 
euiie Lt., S. 313° E., 13.5 
vaquine Lt., S. 274° E., 13.8 
Iniles. 
Yaquina Lt., S. 224° E., 14.1 
Iniles. 
reste Lt., S. 19° E., 14.8 
miles 
Yaquina Lt., S. 15° E., 15.3 
Iniles. 
veauine Lt., S. 114° E., 16.4 


miles. 
yaquins Lt., S. 104° E., 17.2 


les. 
Yaquina Lt., S. 84° E., 18.1 

miles. 
Yaquina Lt., S. 7° E., 19 

Iniles. 


Yaquina Lt., S. 54° E., 19.8 
miles. 
Cape mavanda, N. 264° E 
miles 
Cape Kiwanda, N. 29° E., 
12.7 miles. 


Cape Kiwanda, N. 314° E., 
11.8 miles. 

Cape Kiwanda, N. 334° E., 
11 miles. 

Cape Kiwanda, N. 364° E., 
10.2 miles. 

Cape Kiwanda, N. 39}° E., 
9.5 miles. 

Cape Kiwanda, N. 433° E., 
8.8 miles. 

Cape Kiwanda, N. 443° E., 
7.4 miles. 

Cape Kiwanda, N. 47° E., 
6.5 miles. 

Cape Kiwanda, N. 51° E., 
5.5 miles. 

Cape Kiwanda, N. 554° E., 
4 4 miles. 

Cape Kiwanda, N. 804° E., 
5.5 miles. 

Cape Kiwanda, S. 874° E., 
5.4 miles. 

Cape Kiwanda, S. 77° E. 


~- 


5.5 miles. 


Chart. 


Date. meee 
1914 
May 7) 5.414.m. 
A854 5.55 a. m. 
eeGQOseee 6.10 a. m. 
oO ere 6.25 a. mM. 
Acti besa 6.41 a. m. 
SHOWS S5ac 6.55 a. m. 
-.-d0.....| 7.094. m. 
Barly -eoc 7.25 a. m. 
AG CSAS 7.40 a. m. 
se Osne sie 7.54 a. I. 
eQ2ec = 8.09 a. m. 
=-d0..- «5 8.24 a. m. 
peeGOreea 8.37 a. I. 
eR OOse ans 8.53 a. Mm. 
.--do.....| 9.03 a. m. 
-.do.....| 9.20.a. m. 
eee Ovens 9.33 a.m. 
bee dOzee a ‘0.50 a.m. 
oe Oseents 10.05 a. m. 
Bs Onna 10.17 a. m. 
ed Onnaas 12.23 p.m. 
pate Oa ner 12.40 p. m. 
3-00: a2 12.57 p. m. 
eedO-esets 1.13 p.m. 
aeCOnectete 1.29 p.m. 
sedOscwers 1.44 p.m. 
SoC aS 2.00 p. m. 
= eGOlec- | 02.00 Date 
00sec 2.18 p. m. 
eGO0scce<|d.0l0p, Tn, 
-<GO.cces| Gal? Pp. My 
=O seeste 3.32 p.m 


Depth. Character of 


bottom. 
Fms 

65 | fne. gy. S........ 

OU iieea ae do. #2 .254--3ae 
6OU te do. 4553-ceee 
(fi pene GO5.2 2 42-2 
dees don foes 4. eee 
TA lsoaee dos23 2a eee 
(ile ase dO. 25 2264-2 
683 |..-/- GO. 26 seme aeie 
65 i] acetse Gos.8-er 
WU EAS se dos aeeee-. oes 
iT Beara dos se ee-b see 
OD) | emer do. 4-2 -- 46 
60\))> ose GO. eee aes 
53 |...-- do: ee eate 
a) SO ve do..... as netae 
CW) React Ost aeeisoe ae 
4B eos do. .2Ses 5 ce 
46 le Sse dO. ese. ---ee 
Cty Reasc (RR Shodaresoe 
BS erecta dos-2e- speaeee 
BL saan da. Sse 3m 
Ole eres qs. Saas. ee 


48 | Ine. gy. S22--seeee 
Cy i esse G0. -e oncnencee 
44). ae CR accioa- 
42) |. <<a do. - Ssc.- sess 
40) |Cleee dO... ssa 
Ko eeee dO. ..sc2esesee 
ON Sein 00.3.3 42ers 
(OT ae C (eee BE aoe 
50 00... esses eee 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 anp 1915—Continued. 


Trial. 


Apparatus. 
Dura- 


Depth. tion. 


Min. 


Tur.-Blish. oan 
25-lb. lea 


Drift. 


Direction. 


5 | Distance. 


ip 
skates 


or 
. 
Qa 
°o 


30.17 | 33.87 eo botm.. 
hen bot.; 


lead; 
EME: 2 


zs Pe FF EFF SG 


tee wee w wl ee nne 


eee ee es 


Remarks. 


At 10.17 lowered both 


dories. At 10.50 
sounded in 50 fms. 
and put over P. N. 
bot. with 82 m. 
cable; down 5 min. 
sent messenger and 
hove up. Bot. 
therm. failed to 
reer At 11.54 

Alb.smp. 1st 
ee ret. 12.07; 2d 
at 12.10. Salt her- 
ring bait. 
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DREDGING AND HyprRoGRAPHIC RECORDS SECURED Durine HALiBuT 


ane Time of Character of 
mu Position. Chart. Date. day. Depth. othe 
C.8 1914. Fms. 
H. 5531 Capes Fawands, S. 66° E., 6000 | May 7] 3.50p.m. 48) | ine: gy. Sic ce-. en 
H. 5532 rape Kiwanda, S. 594° E., 6000 |...do.....| 4.04 p.m. 49\ |... -.€Os. ee epee 
miles 
H. 5533 | Cape Kiwanda, S. 51° E., 6000 |...do.....} 4.27 p.m. 47)... Os.) ee eee 
6.8 miles. 
H. 5534 | Cape Meares Lt., N. 294° E 6100 |...do...-.| 4.52 p.m. 48)|.....s0Os.0 ent sean 
10.5 miles. 
H. 5535 | Cape Meares Lt., N. 40° E., 6100 |...do.....} 5.22 p.m. OL) |-...--dO:. 2 see aeeae 
8.8 miles. 
H. 5536 Cape Meares Lt., N. 594° E., 6100 |...do...-.| 6.02 p.m. 56)|._..2d05. o-ee emesis 
8 mniles 
H. 5537 | Cape Meares Lt., N. 80° E., 6100 |...do....-| 6.39 p. m. 69) |... 2-200... ee eeaeee 
7.1 miles. 
H. 5538 | Cape Meares Lt., N. 87° E., 6100 |...do.....| 6.56 p.m. 62)\|. Secon eee eee 
7.8 miles. 
H. 5539 | Cape peenres Lt., S. 864° E., 6100 |...do.....| 7.07 p.m. 62;)| <0.32 Sooo tee eee 
8 miles. 
H. 5540 ape seates Lt., S. 653° E., 6100 |...do.....] 7.37 p.m. 57)| Inevigy. Soteces soe 
1 miles 
H.5541 Cape Meaies Lt., S. 48° E., 6100 |.-..do.. 8.06 p.m. Glee ae GOz..<teeue4=c8 
es 
H. 5542 Cee af earesS Lt., S. 36° E., 6100 | May 8] 6.30a. m. 61 5). 2.¢.00.2-.eoeeeees 
miles 
H. 5543 Cape. Meares J Lt., S. 26° E., 6100 |...do... 6.57 a. m. 48)\| «. 2.0.2 sam pester 
mile: 
H. 5544 | Tillamook Lt., N. 174° E., 6100 |.-.do... 7.30 a. m, t Ula IBare 8 seo == 35 - 
13.2 miles. 
H. 5545 7ilinook Lt.; N. 264° E., 6100 |...do... 7.57 a. mM. 50 2 €0sc..c/ gee ee eed 
11 miles 
H. 5546 Tiamieok Lt., N. 38° E., 6100 |...do... 8.22 a. m. 52)| Shi. hrdoM- 2. --ee 
: miles. 
H. 5547 TOK Lt., N. 574° E., 6100 |...do... 8.50 a. m. 52)) Ine: gy2Siseceeeees } 
es 
H. 5548 | Tillamook Lt., N. 71° E., 6100 |...do.. 9.24 a. m. 623) SS cco eee | 
9.7 miles. | 
H. 5549 | Tillamook Lt., N. 734° E., 6100 |...do.....} 9.37.a.m 66) | gn. MiSs oe eee 
10.5 miles. 
H.5550 | Tillamook Lt., N. 75° E., 6100 |...do....-| 9.51.a.m 68) 52 0+-G0:..c eee 
11.4 miles. 
H.5551 | Tillamook Lt., N. 773° E., 6100 |...do.....| 10.06 a. m. 72. |ls\- «2 Oboe eee eee 
12.4 miles. | 
H. 5552 | Tillamook Lt., N. 78° E., 6100 |.-.do. 10.19 a. m 75 +10... otenns 
13.4 miles. 
H.5553 | Tillamook Lt., N. 82° E., 6100 |.-.do...-.| 10.52 a. m 19) os «602 ae aaa 
16.3 miles. 
H.5554 | Tillamook Lt., N. 84° E., 6100 |...do. 11.28 a. m 83 |2.. ..dOsse-aeeeeeeee 
19.2 miles. 
H. 5555 ; Tillamook Lt., N. 86° E., 6100 ;...do.....| 12.00 noon. 86 Sh) rky.nneeeem ee 
22.2 miles. : 
H. 5556 | Tillamook Lt., N. 87° E., 6100 |...do.....| 12.34 p.m. (Sl loosioc PU Sesereocsc te 
25.1 miles. 
H. 5557 | Tillamook Lt., N. 874° E., 6100 |...do..... 12.43 p.m 94: |) gn. Mansion . 
25.6 miles. 
H. 5558 | Tillamook Lt., N. 87° E., 6100 dosz.es 1.03 p.m. 79 | Shi., gran......c0 
25.1 miles. 
H. 5559 | Tillamook Lt., S. 864° E., 6100 |...do..... 3.43 p.m. 83: gn Mosca Bae 
25.3 miles. : 
H. 5560 | Tillamook Lt., S. 793° E., 6100 |...do.....| 4.16 p.m. ~ 85 ']eeeed dO; ..2eeteekea 
25.9 miles. 
H. 5561 | Tillamook Lt., S. 734° E., 6100 |...do..... 4.51 p.m. SP. aes do. :.. kee 
26.9 miles. 
H. 5562 | Tillamook Lt., S. 68° E., 6100 |...do..... 6.23 p.m. 88: ]i...sdOs.eeesenee 
28.2 miles. | 
H. 6563 | Tillamook Lt., S. 66° E., 6100 |...do..... 6.34 p.m. SO tees do: 2. ss-ebenea 
28.8 miles. 
H. 5564 | Tillamook Lt., S. 64° E 


a 6100 |...do..... 5.54 p.m. 96 [:.2::d0;t. Go ecenes 
29.3 miles. | 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 AND 1915—Continued. 


Temperature. 


Banga eset eas ws 


sree er kt 


Salinity. 


Surf. | Botm. 


wee e we ewe eww wenn 
we ween ewww een ween 
www ele we ween e wn ne 
we ewe we ween wwe eee 
ee Oe ee ee es 
ee eer 
wee ceee 


wee ewe le ee wwe el eee eeee 


wae eel ewe ene 


Se se 


es ee 


ee ee 


ee er ee es rs 


ee eg ee 


Se es 


Trial. 


Apparatus. 


Dura- 


Depth. | ‘tion, 


ee ee es 


ee ees ee 


ey 


es ee 


Sees eed 


ee eee a 


ee eed ee a 


Drift. 


Direction. 


Wirt geR Mel sys Veoke casilh oc senalsocese odd ccafes un 
- 25-Ib ledd. 


ttre 
ee es 
Se ed es 
Ss ns 
Se) ers 
es ns 


ee 


Remarks. 


Mi. 


25-lb. 
E 


eter ereee 


wt ee eeeee 


ween eeeee 


ween wwe 


weet ewes 


en ee eas es 


ed ees ee 


eg ees ee a ae 


es es ee ee ed es 


Location approxi- 
mately same as H. 
5556. At 1.11 low- 
ered f’wd dory, 
which ret. 3. 

ire Lowered aft 
ory at 1.14; ret. 

3.02 p.m. Salt her- 

ring bait. 
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DREDGING AND Hypro@rRApPuHic REcorDs SECURED DurRING HALisutT 


“nun Position. Chart. Date. aa Depth. Chae of 
H. 5565 | Yaquina Lt., N. 234° E., 7.7 © S000 May 27 3.06 p.m. phi gy:8/ |) 2ei4 
H. 5566 Saduiod Lt., N. 253° E., 8.9 6000 |...do..... 3.16 p.m. 29 |... do:::: A288 
H. 5567 Yaqui Lt., N. 253° E., 9.9 6000 |...do..... 3.26 p.m. SON doss:) 2 sae 
H. 5568 Yaquen Lt., N. 26° E., 10.8 6000 |...do..... 3.35 p.m. B1+Leon do. -:, 3S 
Iniles. 
H. 5569 | Yaquina Lt., N. 27° E., 11.5 6000 |...do..... 3.46 p.m. Bip aasoe do... Che aaa 
Miles. 
H. 5570 | Yaquina Lt., N. 27° E., 13.2 . 6000 |...do..... 5.38 p.m. Be 8) BSF 0. sea eee 
H. 5571 Vande N. 284° E., 16.1 6000 |...do..... 6.06 p.m. Be aes do... aoe 
H. 5572 Yaqui Lt., N. 31° E., 19.2 6000 |..-do..... 6.31 ».m. 39 Ween dos hse sees 
H. 5573 Vaauee Lt., N. 30° E., 22.4 6000 |...do..... 6.53 p.m. AQ) acer d0... 3.44 
H. 5574 Hieceta ites 8: 45° Hs, 14:9 6000)|2s-do2--- 7.17 p.m. 44 |... do... Snes 
H. 5575 | Heceta Lt., S. 564° E., 14.6 6000 |-.-do..... 7.40 p.m. 50 |.---- GO. ~Gcceeees 
H. 5576 Heceta Lt., S. 684° E., 15.1 6000 }...do..... 8.03 p.m. 55 ||... 0 Ges teaser 
H. 5577 Heceta Lt., 8. 793° E., 15.8 6000 | May 28] 7.40a.m. 8 eee do..o eee 
H. 5578 Hoceta. ites) ts GER TORS sell 6000 |...do..... 8.07 a. m. 61 | en. Mc. ees 
H. 5579 Heceta Lt., N. 844° E., 19 6000 |...do..... 8.32 a.m. (1) esas dO 5. 33. e scenes 
H. 5580 | Heceta Lt., N. 78° E., 21 6000:|=-dos-2-- 8.57 a.m. GO ances sccceceeee Reese 
H. 5581 Hieceta Lt., N. 76° E., 21.8 6000 |...do..... 9.10 a. m. 65 | Shl., gran......... 
H. 5582 Hee Lt., N. 744° E., 22.3 6000! |/=--dote.. = 9.20 a.m. 61, | Shi. tky--s-oneee 
H. 5583 Hee Lt., N. 73° E., 23.1 6000 |...do..... 9.27 a. m. 64 | crs. bk|Sooss-eeeee 
H. 5584 | Heceta Lt., N. 714° E., 24 6000 |...do..... 9.37 a. m. BD ersee d0:=.. eseeees 
H. 5585 Hest Lt., N. 70° E., 24.8 6000 |...do.....| 9.50.a.m. Teh ea sec Cs CS ee ya 
H. 5586 Heceta Lt., N. 69° E.; 25.5 6000 |...do..... 10.02 a. m. 56) | Shirky —s-eeesees 
H. 5587 | Heceta Lt., N. 68° E., 26.1 6000 |...do..... 10.17 a. m. 59 | Shl.,gran....:-... 
H. 5588 Heese’ a. INE 67°), (27 6000 |}...do.....| 10.29 a. m. 6] | oo eee aces eee 
H. 5589 Haceta Lt., N. 654° E., 27.8 6000 |...do.....] 10.40 a. m. 66 | Shl.,gran........- 
miles. 
H.5590 | Heceta Lt., N. 65° E., 28.3 6000 |...do.....] 10.49 a. m. 68’ |... -.d@... ase 
miles. 
H.5591 | Heceta Lt., N. 64° E., 29.3 6000 }...do.....| 1.20 p.m. 79 | Shl.,hrd.M....... 
H. 5592 recta Lt., N. 624° E., 30.2 6000 |...do.....} 1.385p. m. 133 | Shl.,gran.; bk.S .. 
H. 5593 | Heceta Lt., N. 64° E., 30.5 6000 }...do.....} 1.48p.m. 133 | fne. bk.S., fme.G.- 


miles. 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 AND 1915—Continued. 


Temperature. Salinity. Trial Drift. 
Apparatus. g Remarks. 
= | ¢ | Surf. | Botm. Depth ee Direction. | 
& -~ cn 2 
<|a]aA A 
7 Rl PE atl Min. Mi. 
7 TE eS De | ‘Tnn-Blish sax |s734. 4 olde - 2.2]. he tk eee 
25-lb lead. 
Pe GO Oe ool ory ob ol 'cnwlc a slates Ot, oe RR [Be SE anes cel (ies BS ad (ee 
ec hee 9G Cake IN GR SAE) | em ar AB A eae Peer sacl SEOs [as See Se See 
rite] ir SU eee eae OR eae © al are Tnr.-Blish sdr.;] botm... CLIN Fee Sea ec RS a ee Ue Lowered f’wd dory 
25-lb. lead; with 2 fishermen at 
1 skate. 3.40 p. m.; hoisted 
at 5.27 p.m. Salt 
herring bait. 
5550) =. 2st. 30.25 | 33.64 | Tnr.-Blish sdr.;]...do.... 60 |. oe ee ae ee Lowered aft dory 
25-lb. lead; with 2 fishermen at 
Ek. bot.; 3.49; hoisted dor 
Alb.smp.; 1 at 5.32. Ek. bot. 
skate. F lowered to 27 fms. 
Alb. smp.;nosam- 
pe at34fms. Salt 
erring bait. 
[i TMS PC OR: | a Be |e "nr Bush sdr:: leven. «5 WG Se ~~. -<| 5.50 582 one |e 
25-lb. lead. 
Las) rs 20) ae” | ae ae | ene Re = AP cil see ee |S ES 2, Sn a, et eee BL 2 
ivry ic (es el Se | ee tee = Hi? 2}... lak. 2 poe...) eee Se tee 
Le Ge 2 a ee ae | ee ee gt 3. - $8. e334. 4 Bes see ols BO rd eS 
| 2 St | ee |S Pe Ae ORF. 2320-0 3 2 - 2 |S BES eC: 
CS oe SO DRE ee ee don A... 35 -.<etta5 BOM. 226 s2b so ee S39. 
FEEL | 0) eee | aol OR se eee Cs (oad Rita ee ay ead eee ee Pe eee ae 
0 STII |e ea (ier el ae (ee Oe ea See eel SO Ee Re 
if Ute a 8 ae a a ea (a Pee eee UN Ee al ee, See al Oe 
[MSe0 | LSet 1) ae A a lel ae a) avian Cie t ee Pode etek peel CREA ie. ee Ue er) he ee / 
IS) ROLE a ial ea oe Pe eee eee (oR eeee Sen i SRR? ek] Pelee at [oes Seeger er |e ee 
bey) SUS pe an ee eee (2 a gage Pe gal ee Se BO Eee Des pe eet ee (TE 
[oS ASTI Ce leans eee ee ae (a Vopr ee BS a4 eee Ss ane nee aoe hee eee 
Ete VTE he A Se ee ee re To eect Mier eree sof! Dereiee Oat ek Sane mer gel [ee geen 
1 |G SU Be Siegel [ee Sal ee eae eee (ERA: Rael ge oS a Be Ee a Fel A heey Seeder be al me 
Nees SU ae ee Re Sel ee ee ee rc fs SS enna se Mae eames a bie Sar Le a eee 
PEELS bi Se Re Sl eee Re O0e. 245-1 =| see donaiene eae seas aenee eee 
| ECG ee 52 Sl Be es ee Oe BS GO eo tiocaleosbecnes|asotte:|tanere ceca ee ese 
ie 2 te ae ee ee Pe 2 (Eee Beene, Ae Merkel. ce Ane ea eee 
[Eh Tt) De eee ae ae Tnr.-Blishsdr.;| botm... OOM ee cee ce ears Lowered f’wd dory 
25-lb. lead; 1 at 10.54; hoisted at 
skate. 1.07 p.m. Low- 
ered aft dory at 
11.05; hoisted at 
1 p.m. Salt her- 
ring bait. 
55. 1) 54. 0]...... 31. 64 | 33.82 | Tnr.-Blishsdr.;|...do.... LM ae eee aN Pea 
25-lb. lead; 
Ek. bot.; 
Alb. smp. 
eer eer On dese shS.. dP... Thrit =RUsh sdr.+ | seieve tebe ....: |. 22006. cet. <8 4 
25-Ib. lead. 
a? Sie! ee | Be GLA . 5.26 eee thea. cele ctccee. ce [uke 
OS | ee | re Oe ca CR Se ee | ge 
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DREDGING AND HyproarApuic REcorps SECURED DuriIna HaAuisputT 


“hum Position. Chart. Date. a Depth. Charnene 

H. 5594 Heosta Lt., N..63° E., 30 ms "000 May 28 2.10 p.m. sr fne. bk. S., fne. G. 
H. 5595 Berean N. 63° E., 28.8 6000 |...do..... 4.43 p.m. 115 | Shi. ,rky.; bk.S... 
H. 5596 Bent, N. 63° E., 27.9 6000 |...do.....| 5.00 p.m. 115)| gn. Mo bk Senos 
H.5597 Heosta Lt., N. 63° E., 24.9 6000 |...do...:.| 5.40 p.m. 79 | Shl.,hrd.M....... 
H. 5598 | Heceta Lt., N. 63° E., 21.8 6000 |...do.....| 6.18 p.m 84} ens Misco saseeeeee 
H.5599 Heccta t., N. 63° E., 18.7 6000 |...do.....} 6.55 p.m 94°]... do. cee 
H. 5600 Heesta Lt., N. 63° E., 15.6 6000 |...do.....| 7.32 p.m 95.) . 1 3A0sonsatnee es 
H.5601 Heosta Lt., N. 63° E., 12.6 6000 |...do.....| 8.08 p.m 89]... .2tesee nee 
H. 5602 Heesta Lt., S. 743° E., 7.8 6000 | May 29| 4.23a.m 46 | fne.gy.S.......... 
H. 5603 Beets S. 85° E., 10.4 6000 |...do.....] 4.59 a.m 55 |... -cd0...ceuas eee 
T2605 | Heceta Ll NO 80° 8.7" goo det eaean| 720i) eal 
H. 5606 Becta Ut N. 84° E., 18.7 6000 |...do.....} 6.51 a.m T5ilvos es dossccdetaeate 
H. 5607 Heeta Lt, N. 824° E., 21.4 6000 |...do.....| 7.28 a.m 68 | Ine.G., bk.S...... 
H. 5608 Hoon i N. 814° E., 22.5 6000 |...do.....] 7.43 a.m 62i\ Sones dO. .owaencceeoe 
H. 5609 Hieewea ites N. 81° E., 23.9 GOOO)}/Eecdosccelonv.ov 4 inl 65 | Shl.,rky.; fne.G... 
H.5610 te N. 804° E., 24.8 6000 |...do..... 8.13 a. m 75 | Shi. gran., fne. G- 
H..5611 ports: Lt, N. 80° E., 27.6 6000 |.-.do..... 8.50 a. m CYA | eee dO... .)-ccceees 
H.5612 Heceta Lt., N. 793° E., 28.1 6000 |...do..... 9.00 a. m 67 | Shl., hrd. M....... 
H.5613 Heeeta Lt., N. 79° E., 29.2 6000 |...do.....| 9.16 a. m. eee 46. .2ee eee 
H. 5614 Hevea Lé., N. 784° E., 30.2 6000 |...do.....| 9.32a. m. TL cso GOleae see eeeeee 
H.5615 Heceta Lt., N. 80° E., 31.4 6000 |...do.....] 9.47 a. m. ic) ee do!) eee 
H.5616 Heceta Lt., N. 78° E., 32.7 6000 |...do.....| 10.01 a. m. 100 | bk. S., fne. G...... 
H.5617 Heceta Lt., N. 77° E., 33 6000 |...do.....| 10.17 a. m. 170) |. .3. ence eee 
H.5618 | Heceta Lt., N. 76° E., 32.3 6000 |...do..... 10.49 a. m. 124, | ine. Grivvace- seems 
H.5619 Howta Lt, N. 773° E., 31.6 6000 |...do..... 11.10 a. m. 100 | fne. bk. S......... 

miles. 

H.5620 | Umpqua River Lt., N. 664° 6000 | Aug. 29 | 9.24a.m 74 || sce eheceeate ace eee 
H.5621 Uimgcua River Lt., N. 56° 6000 |...do.....| 11.55 a. m 65 | Shl., gran., fne. G. 
H. 5622 Tepaue River Lt.. N. 43° 6000 |...do.....} 1.00 p.m 55 | fne. gy. S.-.<--.-- 
H. 5623 Gioia welver Lt., N. 36° 6000 |...do..... 1.15 p.m BNE BO.\s cc tbat 


E., 8.2 miles. 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 AND 1915—Continued. 


Temperature. Salinity. Trial. Drift. 


Apparatus. 
Depth, | PU} Direction. 


Surf. | Botm. 


Distance, 


botm... 


Tnr.-Blish sdr.; 
25-lb. lead; 
Ek. bot.; 
Alb. smp.; 2 
skates. 


APH BSS Tes bc ioc ces'ers| soicee cel cartel siineee | aniasic 
25-Ib. lead. 


Sees es eras 


weeee 


Tnr.-Blish sdr.;| botm... 
25-lb. lead; 


Remarks. 


Lowered aft dory at 


2.19 with 2 fisher- 
men; hoisted at 
4.22. Lowered f’wd 
dory at 2.20; hoist- 
ed at 4.15 p. m. 
Ek. bot. lowered to 
190 m.; did not trip 
until hauled up to 
90m. Salt herring 
bait. 


Lowered f’wd dory 
at 11.15; hoisted at 


1.22 p. m.; low- 
ered aft dory at 
11.16; hoist at 


1.23 p. m.; 2 fisher- 
men ineach. Salt 
herring bait. 


ogetl be 
eolinn & 
oysil 
ealior &.1 
iff supa 
Vio 0.3 ..4 


9G 


98 U. S. BUREAU OF FISHERIES. 
DREDGING AND HyproGrapHic REcorpDs SEcURED DurRiInG HALiButT 
Station p 
site Time of Character of 
BUTE: Position. Chart. Date day. Depth. bottom. 
‘ 
C.8. 1914 Fms. 
H.5624 | Umpqua River Lt., N. 284° 6000 | Aug. 29 | 1.50 p.m. 36) | fine, Pye Saseseeeee 
E., 8.2 miles. 
H. 5625 ee bts, S712, 2.0 6000 | Aug. 30] 7.28 a. m. 39.5 aes Cs (soe i= 
miles 
H. 5626 Cape areas Lite S380 Eos 6000:)3-.d02---4 7.38 a. Mm. 45) be oes G0..45. soe 
miles 
H.5627 | Cape Arago Lt., N. 87° E 6000))|2)--doz2--4 7.50 a. mM. ABN tee 005254 
4.1 miles. 
H..5628 gece Arago Lt., N. 82° E., 5 6000 |...do..... 8.01 a. m. ATs dos: eee 
H. 5629 ee hee Lt., N. 78° E., 6 6000) ax dozees- 8.12 a. m. 56)|\toeae Cs (eo ac 
miles. 
H.5630 | Cape Arago Lt., N. 75° E., 6000 |...do...-. 8.23 a. m. by (Re eee adoucsss: - 
6.9 miles. 
H..5631 abe eee Lt., N. 734° E., 6000 |-..do-.... 8.35 a. m. 59 | Shl., hrd. M......- 
H.5632 | Cape Arago Lt., N. 72° E., 6000 |...do..... 9.12 a. m. 65 | Shl., gran.-.--.... 
9 miles. 
H.5633 | Cape Arago Lt., S. 204° E 6000 |...do..... 1.56 p.m. 30!) fnes gyn b> eeeee 
‘ 2.7 miles. 
H.5634 | Cape Arago Lt., S. 28° E., 6000) }s-2d022-5- 2.10 p. m. ABW. soe 2 (6 (3 Ce a 
3.6 miles. 
H.5635 | Cape Arago Lt., S. 34° E., 6000 Gossee 2.22 p.m. 48) |) aee do. Saco 
4.6 miles. 
H.5636 | Cape Arago Lt., S. 373° E., 6000 |...do 2.34 p.m. SOU eee GO. saccades aeeee 
5.6 miles. 
H.5637 | Cape Arago Lt., S. 40° E., 6000 |...do-...-. 2.46 p. m. (iid I 
6.4 miles. 
H..5638 cape a reeo Ii iy CEE 6000 |...do..... 2.58 p.m. 62)| ne gy.S2-.eoeeee 
7.5 
H. 5639 | Cape Arago Lt., S. 43° E., 6000)|5-2doe.--- 3.08 p. m. 6Ghleaee dowd. 3 oe 
8.5 miles. 
H.5640 | Cape Arago Lt., S. 44° E., 6000)|22-dorsece 3.21 p.m. 63°). bs secee eee eeeeeee 
9.6 miles. 
H.5641 , Cape Arago Lt., S. 45° E., 6000 |...do...-. 3.33 Pp. m. 78) |. doceee eee eee 
10.5 miles. 
H. 5642 | cape See 1A ONG Gis lee 6000 |...do-.. 5.52) p. m. 52.| Shi’, gran. ..-.-<20 
.1 miles. 
H..5643 nape wee Tate, N). folie a2, 6000 |...do..... 6.04 p.m. 46.) fne Gia eeaaeeeee 
| 3 miles 
H..5644 | rake erage Lt., N..453° E., 6000 |..-do. 6.16 p.m. 38 | Shl.,hrd.M....... 
miles 
H.5645 | Cape Arago Lt., N. 40° E., 6000) -¢do---a. 6.26 p.m. 42'| fne. G..-.-ee-eee ee 
9.9 miles. 
H.5646 | Cape Arago Lt., N. 34° E., 6000) /52-d0-s25. 6.36 p.m. 38 | Shl.,rky.,Co....-- 
10.3 miles. 
H.5647 | Cape Arago Lt., N. 29° E., 6000) |= --do--f =. 6.47 p.m. 34/| ‘Sh. gran’ cee o-ee 
10.8 miles. 
H.5648 | Cape aes Tetemuset hin sks» 6000 | Aug. 31] 5.21 a.m. 28 || Ine. gy. (S.-se-- eee 
3.3 miles. 
H.5649 | Cape Arago Lt., S. 1° E., 6000 |...do-..... 5.37 a. m. 38 eecee dO... tae 
4.4 miles. 
H.5650 | Cape Arago Lt., S. 24° E 6000 |...do-.-- 5.26 am, AT} node dO... .. <0 ageae 
5.5 miles. 
H.5651 | Cape Arago Lt., S. 5° W., 6000 |...do.. 9.20 a, m OSa esas GO.<.2 seb a-acmm 
8.2 miles. 
H.5652 | Cape Arago Lt., S. 9° W., 6000 |...do..... 9.46 a. m. ro Mal ae Se 6 (a 
11.2 miles. 
H.5653 | Umpqua River Lt., N. 43° 6000 |...do..-..} 10.13 a, m. 55 | fne. gy.S., gn. M... 


E., 7.6 miles, 


6 See SRS 


ae eel 


se en ee ee ee ee ee eS 
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INVESTIGATIONS OFF OREGON-WASHINGTON CoAsts, 1914 ANp 1915—Continued. 
Temperature. Salinity. Trial. Drift. 
Apparatus. ¢ Remarks. 
| ge | & | Sart | Botm. Depth. | ion | Direction. | 3 
-_ ° oma 
<|/ala aA 
oF | or | e ; Min. Mi. 
53: (F482). 5.02. 33.78 | 33.68 | Tnr.-Blishsdr.;| botm... TZOy er ae Sr ee Lowered f’wd dory 
25-Ib. lead; at 1.24; hoisted at 
Ek. bot.; 4.05 p. m. Low- 
2 skates. ered aft dory at 
1.24; hoisted at 4.10 
p- m. Ek. bot. 
owered at 1.40; u 
at 1.45. Fresh sal- 
mon bait. 
ee) |S ae 2 Re Se ge ee Tr -Blish SOrss| essen oot lee Se ae iae aaa 
25-lb. lead. 
(rei eh) Se SEA RS Lae [ae ee Fee Oe eo se Ee | et ce Se ee ane aay ol ee 
SAR A ESE es Sel | Re bees ed (eee OS Aa Sa cate soe eae tees ee 
S| 53, eel ERs ean aa ee ee MOE ee ee el aoa ois Reet eee ea ome 
Gt) GSU] |e ta Gae ae OSes] Goes ane eae UE aOR OE nade cee Cec eee Coben de 5 se ae 
Sih ERO 2 eel Nee Bee eee ae eat Cs Leys. pes Rey || IP Aaland (PE 
Ser |e el |e A a GO Met nr tan| ceeds aaa scan ok eee ee eae 
Cd) sis) Eee 33278) | 32.904) Tnr=Blishsdrs|\botme=-.) L20)|_ 22.222. -8s-|e-e-e Both dories out 8.51 
25-lb. lead; a. m.;f’wd dory in 
Ek. bot.; 2 11.59, aft dory in 
skates. 12.11 p. m. esh 
salmon bait. 
FA | OE GUS al oo S| Tnr.-Blish sdr.;|...do.... 1200 |e o- adele Both dories out 1.50; 
25-lb.lead; 2 f’wd dory in 4.41, 
skates. aft dory in 4.43. 
Temp. taken at 
4.30. Fresh sal- 
mon bait. 
Teed one 77] 6 Se0d SS eong Geeesee Reeee GOs tcc eeie See oaiee d lace sae see | ei! 
Sin! cl ee et ee See Ease ae [ae Cle Bete ol Sera el) iocaisrene tn ee are mete ee ee 
Sere tee alates oe is Seite < | ao cin oe TnPSBHSNSGr||) case athcet once (se ec cenoueis) seas 
25-Ib. lead. 
hot ease Sse cee Se Seee) Caeouar Sera OO sae eee aa laon sce ta: laser 8s Sl acts acto natal conde: 
Ores} Sal Poe SS) BS cases es ae ee COE Sscric ssp [Sates eal oes | Seer ie oe fron & 
S00 JB) |$A-s54 So sees ee Seed eee 0 (ye Bee dl HS Sete ct Rime abe | Seine See (see 
eet ee emt a |G otis, orc io| wore hits | omc (CE pen Parse aay tesmae) (rahe fe | ar ep Ua oe 
eceoclecwcelee “Sen AS AC) BP oor Berar do B- Seine Oey are Sroriomnc) (pote rac|Saeeape ene Seces 
a) Vc 9icO 2 ok SERN Ee Sapa ied Se |e (ots ek I et Coes eS RS re lla eee ee Nee Le 
5%, Y(t) Rea ee eS a Se ee eae see SAMO [Ste ose InGe sea Gor acee seme aes e Temp. taken at 6.09 
p.m. 
fp C/O) Re ee Te Oe Ieee) | (3 (a ae ERE Pee Ane, Seen |e ead se | eee eben a eS on 
PSCC) (Es Se ee ee | ae (at [oe OS Ee oes eral (ies AEN | [ore Se DO ae a 
311 le VAM Ie ae 8 | pee SS De ae) pa (3 eS S| SE Ee -tpe P ee || Ane ape tae De 
a AEA es Siu Ee aS) a ae SN (ee ae Giga = occ | eee eee dee ao ceo e ee 
AERA LG ooce close oe cal ells ak GES SERENA ES oc Ob) BAe ae See aa msec! Mee am 
HE ASO) |e FA ele es |S | GOR es o's |b coeeaeetee | oteice ae diel Ste ote te ance tok 
Awe 4or 0. 4. 8 Oy (sl ee oe Tnr.-Blishsdr.;} botm. IDI ee same F’wd dory out, 5.50; 
25-lb. lead; in, 8.39. Aft dory 
2 skates. out, 5.51; in, 8.46. 
Fresh salmon bait. 
Trt TU ee Sea Re eee Tur -Blistisdr.s Sauer os.cncc al aceeeca les aslo ac 
25-lb. lead. - 
(| (ge Ge el (ee ee ei ae el ee Gib. = <.22)so0eene SDS aoe ee a ae 
aT tC) | Pe, Sa ae Se |e Ge ea eral [segs toe Ew naca clememae chew celawaee 
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U. S. BUREAU OF FISHERIES, 


DREDGING AND HyproGRapHic Records SECURED Durinc Hatiput 


Station 
num- 
ber. 


H..5654 
H..5655 
H. 5656 
H..5657 
H..5658 
H. 5659 
H..5660 
H. 5661 
H. 5662 
H..5663 


H. 5664 
H. 5665 
H. 5666 
H. 5667 
H. 5668 
H. 5669 
H. 5670 
H. 5671 
H. 5672 
H. 5673 
H. 5674 
H. 5675 
H. 5676 
H. 5677 
H. 5678 
H. 5679 
H. 5680 
H. 5681 


H. 5682 
H. 5683 
H. 5684 
H. 5685 
H. 5686 
H. 5687 


Position. 


Umpqua River Lt., N. 57° 
E., 5 miles, 

Umpqua River Lt., S. 87° E., 
3.2 miles. 

Umpqua River Lt.,S.45°E., 
4.6 miles. 

Umpqua River Lt., S. 263° 
E., 7.1 miles. 

Umpqua River Lt., S.19° E., 
9.8 miles. 

Umpqua River Lt., 8. 14°E., 
12.7 miles. 

Umpqua River Lt.,S.11°E., 
15.6 miles. 

Umpqua River Lt., S. 93° E 
18.6 miles. 

ine Lt., N. 293° E., 11.25 


miles. 
Heceta Lt., N. 284° E., 10.8 
miles. 


Heceta Lt., N. 303° E., 9.8 
miles. 

Heceta Lt., N. 373° E., 6.9 
miles. 

Heceta Lt., N. 53° E., 4.3 
miles. 

Heceta Lt., N. 873° E., 2.8 
miles. 

Heceta Lt., N. 82° E., 26.9 
miles. 

Heceta Lt., N. 82° E., 27.9 
miles. 

Heceta Lt., N. 82° E., 29 
miles. 

Heceta Lt., N. 82° E., 30.1 
miles. 

Heceta Lt., N. 82° E., 31.3 
miles. 

Heceta Lt., N. 82° E., 31.8 
miles 


Heceta Lt., N. 803° E., 31.5 
miles. 
Heceta Lt., N. 784° E., 31.2 
miles. 
Hee Lt., N. 783° E., 31.7 
Heats Lt., N. 784° E., 32.2 
iles. 
Heeeta. Lt., N. 794° E., 32.1 
Heceta Lt., N. 793° E., 31.7 
miles. 
Heceta Lt., N. 79° E., 31.2 


miles. 
Heceta Lt., N. 79° E., 31.4 
Iniles. 


eth) Lt., N. 844° E.; 31.2 
mnile 
Heceta Lt., N. 89° E., 31.1 


miles. 
Hreoeta Lt., S. 86° E., 31.3 
Heceta Lt., S. 814° E., 31.8 
miles. 
Heceta Lt., S. 793° E., 32 


miles. 
Heceta Lt., S. 774° E., 32.2 
Iniles. 


Chart. 


Date. 


Time of 
day. 


10.38 a. m. 
11.05 a, m. 
11.30 a. m. 
-| 12.00 noon. 
12.26 p.m. 
-| 12.47 p.m. 
1.15 p.m. 
1.41 p.m. 
1.50 p.m. 
2.00 p.m. 


HBB BH HB BBB BOB OB B 


Depth. 


Character o 
yottom. 


Shl., rky., gran... 
crs. bk. S., fne. G.. 
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Apparatus. ¥ Remarks. 
Direction. Es 
Q 
A 
Mi. 
Se Sh SOI ise oesisn|=ossces |aceas 2. Ae ee 
25-Ib. lead. 
O44 aS Ee cae) Mee Se eae O28 - Jajo2k |= 54 qaaaas| snore | aaoeten Oe eee aatene 
62 |*48.8) 46.4 | 33.62 | 33.53 | Tnr.-Blishsdr.;| botm...} 120 |............]..... Temp. taken at 4.55. 
25-Ib- lead; F’wd dory out 
Ek. bot.; 2.06; in, 4.53. Aft 
2 skates. dary out, 2.06; in, 
4.50, 
Ini [4 icU) Pe a eee Fe aree Tr BUSH SOs Sate yas tal Souneeal see cocace oe selecene 
25-Ib. lead. 
(oP) ol |e 4 i (pale (GRE Seana ee SP GOs. sasheloaeensne| vor esealaseacezeees|senee 
(279 |S Se aaa) ie a] be a (a Ci PRR Ce i i SE erica) Paris A is A Me he 
ot OU esha a ie [ae SS (i ee (nae GOs eons sean ose aes cea ete oes ens seams 
Er 1 1 gt 1 eae pape IR Sas) VR ae GOns koe sclee doc sont lacscces |-pemetge sacral estes 
V2 as gel lS i PA ee a He 56 Ce eel ee ce ee) ss | aes hak epee [Atos 
iF) 2 OS bet) A aie a Vee 8 ral Peachey MOL eS ecen | ce tacoea| cas Stee coe se acta | eons 
FD on |CPa()) aes De Sel FR ee fain Goss tM Ca lestocsarclecccceuleaecces tere cleccte 
FIOe | eee eel ow — oc. |saschcc|oseen OSs pace sos caters] Saceee el avcocc sent ealoteue 
IL |e DA) Lees Sel FS Ses ee ae eae MO henna asane cma seeded aoe sooes te lessee 
BT M1 Fee C1) Ne et Re See ee ee ere COs2 22 Sa eee oe alloc ave Al evaccace Heeleseee 
Ty Pe VNC peng Is Sea Dae Pe GO.) eit teeais «|. c5 ee ansewempetes: greed 
Wil i V1) ie gee ERR ae ee 5 et eee GO. 2.8.5 cou ease ocho ms laccnecae see aed 
Ui boa 0 OE) ie earl ees Meat (eae GO. sb .. .c sel edeeeek loc ceccsl sence eat ees eases 
FELON 0 LR Ee ee es ee a Go: : -'=~.-'jo5.| eaeeme s}awaeoes leebecene see eae 
IL 2-00 (se ae ee SP es see! Pee GO: 255.405 eee loos cesel eres ee eee weenie 
he. 2 20 See Be Se eee eee Gos) oe Senha cheats see ceaocet [secre 
58 |*57.2/46.65 | 33.93 | 31.73 | Tnr.-Blishsdr.;| botm...} 120 |............]..... F’wd dory out, 8.05; 
32-lb. lead; in, 11.01. Aft dory 
Ek. bot.; 2 out, 8.05; in, 11.03, 
skates. Fresh salmon bait, 
Temp. taken at 
8.30. 
emia actor eas |scktic<.|sn<otss er = Hal SOL sree eel a Seales ee Sede cs 
32-Ib. lead. 
tnt alo 1) pe Se a sie De a Bie Su BOQ Se se teaws ueemeescl ya satis | ewae ete se |s ney Temp. taken at 12.01. 
59 | 54.0)......]... a ba | OAS RRR) Se PRR | Pe A 
Pee ODL eae al oct ce Pore metiee|ase os Ci | Sa RT Tk ae Lg i 2 
Be) Oke aeniconl st Sices|eeccnes| cece O21 ssh caeleetdanoss | letaee | saencccacscefanaee 
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DREDGING AND HyproGrapHic RECORDS SECURED Durtinc Hauiput 
Station : 
i ae Time of Character of 
no Position. Chart. Date. day. Depth. Dottie 
Cc. 8. 1914. Fms. 
H. 5688 Hee Lt., S. 76° E., 32.6 6000 | Sept. 1] 1.33 p.m. 92.|-bki8- 2022 ee 
mniles. 
H. 5689 | Heceta Lt., S. 76° E., 32.1 6000 |...do....: 1.39 p.m. 87 | Shl.,rky., hrd. M., 
miles. fne. bk. S. 
H. 5690 Hees Lt., S. 73° E., 29.6 6000 |..-do..... 5.05 p.m. 82.) fne.- bk Ss. siecee. 
miles. 
H. 5691 Hecee Lt., S. 69° E., 27.8 6000 |..-do....- 5.30 p.m. 62 |-Shl., -hrdsMelecee. 
- miles. 
H. 5692 Hottie Lt., S. 64° E., 25.8 6000 |..-do..... 5:57 p.m: 55 | Shl., rky.; Co...... 
miles. 
H. 5693 Heese TGS, 52 OS CMH 24.2 6000 |. ..do. 6.21 p.m. 51 |-Shi. rky ss. sees 
miles. 
H. 5694 ie Hts (Serb 1a. 22:9 60007 Patdotess= 6.47 p.m. 54°-|:Shi yhrd. Maeeeee. 
miles. 
H. 5695 wacains Lt., N. 50° E., 23.8 6000 |...do...-. 7.14 p.m. 47 |-ers: Gsines Glee see 
miles 
H. 5696 wade Lt., N. 538° E., 20.9 6000 |...do...-- 7.40 p.m. 44 | Shl.,rky.,Co...... 
miles 
H. 5697 eauine Lt., N. 57° E., 18.2 6000 |...do....- 8.05 p.m. 43 gy.S.,crs.G., 
miles . 
H. 5698 | Yaquina Lt., N. 624° E., 15.5 6000)|---dak- ae 8.31 p.m. 36 | Shl., rky., | Co.; 
Miles. fne. G. 
H. 5699 Faquine Lt., N. 693° E., 13.1 6000 |...do...-. 8.52 p.m. 47 | ers. gy.S., For..... 
miles. 
H. 5700 Tacs Lt., N. 58° E., 8.8 6000 | Sept. 2] 5.24a.m. B9uteeee do.s. eae 
miles. 
H. 5701 valune Lt., N. 574° E., 11.6 G000))| S=2dobeeee 5.49 a.m. 40) |2 2825 (6 (OBE gac=~S 
miles ; 
H. 5702 veaaiue Lt., N. 60° E., 14.5 6000 |...do.. 6.14a.m. 33 | Shi., hrd. M-: > -22- 
miles 
H. 5703 vniles. Lt., N. 62° E., 17.4 6000 |...do...-. 6.39 a.m. 43.| CES: £¥oSeceee aes 
miles 
H. 5704 vageing Lt., N. 68° E., 20.2 6000 |...do...-.. 7.04a.m. 61)| (ers: Ga eee 
miles 
H. 5705 ee Lt., N. 68° E., 21.2 6000 |...do..... 7.16 a.m. 67 | Shl.,rky.,bk.S.... 
miles 
H. 5706 | Yaquina Lt., N. 63° E., 20.7 6000 |...do...-.. 7.30 a.m. 63 | crs. gy. S.,fne. G., 
miles. brk. Sh: 
H. 5707 vacate Lt., N. 54° E., 19.7 6000 |..-do- 10.57 a. m. 44 | Shl. gran crs. gy. 
ne 
H. 5708 | Yaquina Lt., N. 51° E., 19.7 60008 etd osses: 11.08 a. m. 40 StL ,gran., fne. gy 
miles. S., fne. G., ers. &. 
H. 5709 moe Lt., N. 48° E., 19.7 6000 |...do...-- 11.21 a. m. 42 | fne. gy. S.,fne. G... 
miles 
H. 5710 vaguine Lt., N. 45° E., 19.8 6000 |. ..do. 11.33 a.m. 42'| Shljeranes soos 
miles 
H. 5711 mecuing Lt., N. 42° E., 19.9 6000 |...do...-- 11.45 a.m. 42)| tne: gysSUe_) eee 
miles 
H. 5712 “earns Lit., N. 39° E:, 20 6000 |...do. 11.56 a.m. AD he Se donisitht ee 
miles 
H. 5713) | 5% sou Lt., N: 53° E., 5.8 6000 |...do..... 1.43 p.m. 29 | \crs:gyJSoeee eee 
miles 
H. 5714 | Yaquina Lt., N. 62° E., 6.4 6000 |...do..... 1.57 p.m. 33 Sus ae dosstateseheeee 
miles. 
H. 5715 | Yaquina Lt., N. 774° E., 8 6000 |...do. 3.00 p.m. 42 | ers. gy. S.,fne. G.. 
miles. 
H. 5716 Heauine Lt., S. 84° E., 5.1 6000 |...do..... 4.07 p.m. 34 | Crs. gy. Since b sees 
miles. 
H. 5717 | Yaquina Lt., S. 80° E., 2.8 6000 |...do. 5.05 p.m. 28 see do; i... 
miles. 
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Temperature. | Salinity. Trial. Drift. ; 
‘ Apparatus. g Remarks. 
& E Surf. | Botm. Depth eet Direction. 8 
His] 36 a 
< | @ ee =) 
oR) oR | oF. } Min. Mi. 
Ce) i BL) Week eae Cae a RR a i ec) TLV OREO Da | Ce el Lee | be ee FA 
32-lb. lead. 
Bsa eee 46.05 | 33.55 | 32.34 | Tnr.-Blishsdr.;| botm...} 120 |............|-.--.| F’wd dory out, 1.40; 
32-Ib. lead; in, 4.31. Aft dory 
Ek. bot.; 2 out, 1.39; in, 4.40. 
skates. Fresh salmon bait. 
Pee Ay So ae Ae esa ee pote rive PSU SOL | oso cesee |e asoon| Ate te eee esate 
32-lb. lead. 
ae) RASS BSc Sd ee SSHen RRA aeac Ree GSS cpchione ae] Se ercrioa beetert|S8*a5o85584 Fonce 
LED G| C8500] a aap los SRY RAR irate ESOS: [eed ae ce. |= ae Jad tee oe ne ee 
32-1b. lead. 
Fh SE ee el See ME eee beta £5 (Cpe sete [eer rest aae cote || we A ase tee bid 
(Ped aS HUE heed aes SI URE ey] (By bed se (510 hones enh art ae eel A (Ee ee | [as es i lial Aa 
Ming) bol 375) ge oad (ag pcg (Ra aaa Ose ra etecane so ee | Berne meeeat ad corer 
TY soy nd) ace, SR Ve a a Oho ae eeeecataell fe iach eee [Ae Haare | lapadens, ginal rie 
Lee clioecctel beeen (es Rd RRA Sees (aint ties (0.0) cipal etal lad rf melted [er eR al dS 5 a tered sm 
2 -||-ecee| ARE BBS eee etme (0 Lip cee perare | | Ser ett y oeDnea el beaten 9 Mare a) [ean 
sao! pe cee Ree AS eee Fes al CP LO Ce pene [lie ae UE Paget, | Ncieaoms ic Bape Atal ac 
Thy act EL) pee el Cag A aed began (Oe rpg tine arses ple (eae AM | lec a hegre eae | ey te 
BPA) CST eh ea Ae pa I Sal [Ee C0 KPa fetus eye BabA | NERD Ee | [pie I aed [ae 
GS) VCE) is fl le Seagal PA a bl a 6 (Cp adppeee lec pa OA eet id Loe ee |b Ui. aaa el | etc 
S| (UE PS a Me er a a Ve CH a eel (ce ae te [ee Peete) ee mae eng soe 
SN ESS TUS ek] Baa VERIO Rone Toa LO ee reas ee eg | eee ne, a 
Sy) ool Hi) ha a 8 Sai OR Mtl Maha Tha te ae tana pe 2 ace [cee | bk eae ial |p 
52 [*50. 845.95 | 33.95 | 32.54 | Tnr.-Blishsdr.;| botm...| 120 }............].---. F’wd dory out, 7.33; 
y 321b. lead; in, 10.22. Aftdory 
Ek. bot.; out, 7.33; in, 10.26. 
2 skates. Temp. taken at 
7.50 &. ™m, 
eye a AY oe a ee a) Ve Uterine of WL aMCle heal pe ee sl ee ee | ee eee eee ae 
32-Ib. lead. 
SVN) NCC) ee eal Ee i a GOs 352 epee lt hae dee ee ae eee 
“iyle) || [le al a, Lee ee (Re os). 2. 2 |S seers |e al a eee eee aoe 
Lord [LOE] 2 Sa Ee Se Vea (Le O88 28S aa os dee |e ae | ep ae ee ee oe ae 
Teepe ttt) EP eet es eee (ee | ( dos 5. <5 3:3 saamek fease nas te eee es 
oye bac ed Be EE RS Sg Pe LO? oa cia ee too ae ee oie ee oe ee 
een SECA BS: hed Clee ae! Manes ieee Pannen eee ROS hi = 2 | ae a a lee ae ae eo 
Sci4 2S] bee! eae (ee Tnr.-Blishsdr.;} botm...) 174 | $.12° E...} 1 Cable out 100 fms. 
32-lb. lead; 
oys. dr.; 150- 
1b. sinker. 
“ete =e] Say BE aa eee Tar =blishsdrs tt saoie. =| 19) Sec sa. fe Cable out 120 fms. 
nee 9’ 
SG ee pel A Ma TureBlishsdr.;|...do..... 17 | $.13°W..| 1 | Cable out 170 fms. 
32-1b. lead; 9’ 
Ag. 2 trim- 
g wts 
3.) is: aaa ee Mee Ba Bri epee (iL fe omerel) \LOritSaeeseete st .7 | Sheave at lower end 
of boom failed to 
turn at times. 


Cable out 100 fms. 
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Station oe Time of Character of 
nt Position. Chart. Date. day Depth. botany 
toe | 
c. 8. 1914. Fms. 
H. 5718 | Yaquina Lt., N. 75° E., 4 6000 | Sept. 2| 5.53 p.m. 33))| Crs. Zys1S sae eeee 
miles. 
H. 5719 waonina Lt., N. 84° E., 5.5 6000 | Sept. 3 5.44a.m.|--------- med:igy: Sipe ee 
H. 5720 weaning Lt., N. 85° E., 6.5 6000 |...do..... | 6.06 a.m. AQ ee dovsk be 
H. 5721 vaquina Lt., N. 853° E., 7.5 6000 |...do..... 6.24a.m. SSlb cee do sj2e 24 eee 
H. 5722 Yaguina Lt., N. 86° E., 8.5 6000 |...do...... 6.41a.m. CAN eee EO sais eb se 
H. 5723 Yaquina Lt., N. 864° E., 9.5 6000 |...do..... 6.59. m. 48.1... s.l0d5. os eee 
H. 5724 Yaguina Lt., N. 87° E., 10.5 6000 |...do.....) 7.18 a.m. 45 | Shl., ae ,fne. gy. 
miles. 
H. 5725 eave Lt., S. 77° E., 8.7 6000 }...do..... 7.59 a.m. 48 ee ‘gy. Biacckeoeeae 
H. 5726 vaquina Lt., S. 604° E., 8 6000 |...do..... St50) asnte || renee laate| eee Ca CERT See 
H. 5727 yaquina Lt., S. 432° E., 10.8 6000 |...do..... 9.25 a.m. 65/5252 ORAM oe yacepes 
H. 5728 Caguie Lt., S. 203° E., 12.7 6000 |...do..... 10.06 a. m. Sal bea CoC eerie: SESE 
H. 5729 Zaguing WG SouSe es 6000 |...do..... 10.43 a. m. Ta i ee dO. 5. 3s Ass 
miles 
H. 5730 | Cape Kiwanda, N. 234° E 6000 |...do..... 11.20 a. m. 43 hes COe- bas ee 
14.8 miles. 
H. 5731 | Cape Eeyenda) iN . 254° E., 6000 |..-do..... 11.32 a. m. E25 5ac d0.13. 45 '-taeeee 
13.8 mile: 
H. 5732 | Cape ivanda, N. 31° E., 6000 |...do..... 11.51 a.m. tT US seiaee Goss. Abb sees 
12.2 miles 
H. 5733 Cape Ki Kiwanda, N. 22° E., 6000 |...do..... 12.50 p.m. B20 a ae dot sco 
H. 5734 Cape, Kiwanda, N. 204° E 6000 |...do..... 2.28 p.m. 30 Crs ev ae crs. G 
ne. G, 
H. 5735 | Cape Kiwanda, N. 34° E., 6000 |...do..... 3.40 p.m. 42) | CIS. 2Ycisaceceeeeee 
10.1 miles. 
H. 5736 Core ehwerda, ING reitic, aE 6000 }...do..... 5.03 p.m. 70.) Ine. gyuSe cee cess 
Iniles 
H. 5737 Sie al 8. 70° E., 10 6000 |...do..... 5.47 p.m. (it fallee See dO =. 26 eee 
Tniles 
H. 5738 | Cape Meares Lt., N. 66° E., 6100 | Sept. 4| 5.12a.m. Agee dott cs eee 
4.8 miles. | 
H. 5739 pane eave Lt., S. 86° E., 4 6100 |...do..... 5.34 a.m. 43 | Uenere fs (aR ae Ros ht 
miles 
H. 5740 | Cape Meares Lt., S. 494° E GLO) Pe sdoseea: 6.05 a.m. 44°: eee Ce Ca epparas o8 80 
5.5 miles. 
H. 5741 | Cape Meares Lt., S. 33° Hs 6100)|22dore=- 6.24a.m. eT a Se dOUs Rares 
7.8 miles. 
H. 5742 | Cape Meares Lt., S. 28° E., 6100))|=-4do.-22: 6.36 a.m. 43) ee eae dou >see 
8.5 miles. | 
H.5743 | Cape Meares Lt., S. 25° E., 6100 |...do....} 6.47a.m A3)|e Sere dos *.s pecase 
9.4 miles. 
H. 5744 Cape aearhs Lt., S. 15° E., R00) tedo-toe. 9.56 a. m. 38) selon GO: th sectteaeare 
miles | 
H..5745 pare aleatee Lt., S. 9° E., 610012 2doscnae 10.15 a. m. $2 |/crs: gy. S.-cuseeeee 
H.5746 | Cape Meares Lt., S. 12° E., 6100 |...do..... 10.41 a. m. | 40 | fne.gy.S.......... | 
16.8 miles. | 
H.5747 | Tillamook Lt., N. 174° E., 6100)|5--do.s.- = 11.08 a. m. | 43) | cee d0..3) = tenes 


8.1 miles. | 
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Temperature. Salinity. 


Apparatus. 


Surf. | Botm. 


-Tnr.-Blish sdr.;} botm... 
32-lb. 


oys. 
trimming 
wts.; 150-lb. 
sinker. 


Tnr.-Blish sdr.; 


Trial. Drift. 


Dura- 


tion. Direction. 


Depth. 


Min. Mi. 
154 | 8. 67° E:..| 1 
lead; 
dr.3.02 


32-Ib. lead. 


Lee Wh (GLNB See ee Ma ear ea 


53.0/45.9 | 32.57 | 31.33 


Tnr.-Blish sdr.; 
32-1b. 
Ek. bot.; 2 
skates. 


Tnr.-Blish sdr.; |. ..do.... 
32-1b. 


Seo Goo Cee Sees re 


botm... 


lead; 


lead; 


Remarks. 


Cable out 120 fms 


F’wd dory out, 11.32; 
in, 2.12. Aft dory 
out, 11.32; in, 2.08. 
Fresh salmon bait. 
Ek. bot. lowered at 
1.40 to 75 fms. 


1 | Cable out 200fms. A 


small hole was torn 


oys. dr.; 150- 
lb. sinker; 3 
trimming 
wts 


in wire netting. 


1 
1 
1 


32-1b. lead. 


*56. 5/45. 75 


33.66.| 30.75 | Tnr.-Blishsdr.;| botm... 
32-Ib, 


See ees ees eee ee 
Ree eee ed ee ees ee ed 
Sees ee ees ee eee ee ed 


lead; 


Ek. bot.; 
2 skates. 


rigs lish snes |ae sees esc bevease. se stasuae 


32-lb. lead. 


F’wd dory out, 6.49; 
in, 9.30. Aft doi 
out, 6.49; in, 9. 
Temp. taken, 7.10 
a. m. Fresh sal-- 
mon bait. 
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Station 
num- 
ber. 


H..5772 
H.5773 
H.5774 


H..5775 
H. 5776 
H..5777 
H. 5778 
H. 5779 
H. 5780 
H. 5781 


Position. 


Tillamook Lt., N. 23° E., 
7.5 miles. 

Tillamook Lt., N. 30° E., 7 
niles. 

Tillamook Lt., N. 36° E., 
8.7 miles. 


Mn arriOoks Lt., N. 434° E 
8.2 miles. 


Tillamook Lt., N. 554° E., 
4.3 miles. 
eer Lt., S. 53° E., 2.9 


miles. 
Bue ges Lt., S. 35° E., 6.6 


miles. 
Tillamook Lt., 8. 28° E., 10.5 
miles. 


North Head Lt., N. 21° E., 
9.4 miles. 
Cape Shoalwater Lt., S. 
E., 7.9 miles. 
Cape Shoalwater Lt., S. 
, 10.8 miles. 
Cape Shoalwater Lt., S. 
E., 13.8 miles. 
fo Shoalwater Lt., S. 
16.7 miles. 
Cape Shoalwater t.,.S. 
, 19 miles. 
Cape Shoalwater Lt., S. 
E., 21.1 miles. 
Cape Shoalwater Lt., S. 
E., 22.2 miles. 
Cape Shoalwater Lt., S. 
E., 23.2 miles. 
Cape Shoalwater Lt., S. 
E., 23 miles. 
Cape Shoalwater Lt., S. 70° 
E., 22.9 miles. 
Cape Shoalwater Lt., S. 653° 
E., 21.9 miles. 
Cape Shoalwater Lt., S. 604° 
E., 21 miles. 
Cas Shualwater Lt., S. 553° 
20.5 miles. 
Cape Shoalwater Lt., S. 50° 
E., 20.8 miles. 
oe Shoalwater Lt., S. 49° 
20.9 miles. 


Cape Shoalwater Lt., S. 574° 
E., 34 miles. 

Cape Shoalwater Vite Salole 
, 35 miles. 

vie Shoalwater Lt., S. 564° 
36 miles. 


peste ae N. 56° E., 12.6 

Noth “Head, N. 67° E., 13.1 
miles. 

North Hedd, N. 78° E., 14.2 
miles 

mle Head, N. 864° E., 15.5 

North "Head, N. 894° E., 16.2 
miles. 

North Head, S. 88° E., 16.8 
miles. 


North Head, S. 85° Eeg 17.8 
miles. 


Chart. 


6100 |... 


6100 
6100 


6100 


6100 |.. 


6100 


6100 |.. 


6100 
6100 
6100 


1914. 
Sept. 4 | 11.21 a.m. 


soe GOsseue 
2ce doles. 
25 dowsee 


Ee tdOzeens 
wat dOheees 


Pe eOQsecak 


Uo tdOseuers 


11.38 a.m. 


7.35 &, 1. 
7.57 a, ™, 
8.18 a, m, 
8.43 a, m, 
8.53 a, Mm. 
9.02 a, m, 
9.128. m, 


Depth. ee Os 
Fms. 

48 | fne. gy: Saco e-- 
45 |...-- osc. sts 5eeeeee 
B4i canes (s (BAER 
fh bose dOe35. sees 
44 |..... Cs (RES EE eee = 
4005 ane. d0s:22222) eee 
42 csone dol. Jistseecee 
Al | eee ee eee 
867) tne! gysuecteeseene 
27 | fne.gy.S.,gn.M... 
36. | ines gy.Soseaceseee 
44))....52 -dOlssoacmeree ee 
4G: |la:5s je cco meme nee eee 
57, |e. Mecca ene 
63t/e- = 8 do: cc... .tes5 
67 seer Osc aus se ee 
gears Oi: ossdeetcee 
bt |easee do: 2: sebeee 
GOl|Peaes dO. ss e-eseeere 
IN ook do:.-22te:2ecer 
50})so=< dozttJers. ese 
44) CSc occ eee eee eee 
40 | crs. G.,fne. G., gy 
38 fe. BL aa 
69: | gins Mie ee seree eee 
73 | Shi gran@eeeeceee 
74) gn Mose. eseeeeee 
60 i} 0635 oo 
68 | fne: ena Seoeeessee 

140}... case st eee 
96 | Ine. enNSee se see 
77i|-ine, bDkaSeureeeee 
74 | fne. gy. S...--..-.- 
04 Hoxie cOQncceuchiosees 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 anv 1915—Continued. 


, 
Temperature. Salinity. Trial. Drift. 
Apparatus. g Remarks. 
age g Surf. | Botm. Depth. rity Direction. 8 
‘| =i ° = 
</|mn fea) i 
TG RD oe Min. Mi. 
Fy) Gi) ees ee a TnteBbshsar.s jebat-t Hele 2. 2] 3-868 5.04 (eee 
32-lb. lead. 
TC (AE) ee (eS ee De (V1) Te GEA (O-PS es | Re eee) eer oe ame a FB 
ea) oe SU) Ee Poe ee |e fe - er (0G Be eG) Pe Aer | Eee ie AE eeke, aml ee iaie 
ey) eS 9 | |e Tnn-Blishsdy.;|\botmss:|4 120) |.3.22..-2. 238-8 F’wd dory out, 12.30; 
32-1b. lead; 2 in, 3.12. Aft dory 
skates. out, 12.30; in, 3.09. 
[77 MGA |) ea sete ol Rede, Soa nr SB SmsGn spose uses saesce dees eleoate 
32-Ib. lead. 
2 22 -||S Seal A sie aah et a | ee GOSr2 pasda|= eb ct cael. Some es | aeomacteninec denen 
- Ag alt Sse ate Na [ace EE Rr SI co Co ae SO (ee SAP) ep OS 5 || A en | eee 
2 fa) es oh fae ee Sia HS | ere DO ee sth en caloes- ohare tinct lea Smnos eee sc |e, -2) UueRC eames» Lost Dy 
wire breaking 
while heaving in. 
2 Eel eee] ee) ee ere 2 ae choy 5.45 = leh. Se SMS fe Se ee oe ee 
iy) Peas) he Pe eel (Le PS ea (0 poe eel en See Se et F< S| ene ef Se Sl | 
Gr |S) bd ee | ie, Be (6a ho ep Re oe ee ee, eC a Se | 
ECO; ... 6.) Meet ote sl SS 716 Se ee NS RSE | | en PO ee $e Sl 
3h) GS Eee De, See |S ae GOES. 25; oclehie. 56 Peal Sc. |e 4 SI a Ce eo 
oe} TRC) = ee en ae |e See Wer is Se Bee aes ee cclog DAE ee 
(at). |a Ue ee eee | ee OE $5.53 55 he = |. 8 ee eR 
PLY RGSE 1) oar (OS || ee Gots 2a. Iie OI cc coal ace oats werk cleeees 
Sib) [ES EQ) (RS Pe ee | Ds (00) 3 See eae | ae E21, Ren Pe Sp Zea, Eo a 
Ty (RES) Eo || a OES 2 on 2 SO a a a Oe ae 
SUIS 1) (RS | a | | | coe Got ec a sk Oe oc 2. PR Aa ae 
Dol fies 20) SER 2 REN | Oe oS) cee sO 2 
UGS (0) CE 2 ee | S| Di 1a ae SE er [= SO, ae BS, en I P= A 
GPT NGS (1) | ee aes | De DE Ae Ae ele ee ee ok sels t sete bcos eee 
GP WES 2 Ut) Re | eae el ee 8 OE dc 5552215 got SI hot SE 
anne aOl 4h. 3571) 395.241 32°47) Snr.-Blishsdr.* || Dotm:-. |... 2--|2a..-esccee at meer F’wd dory out, 11.28; 
62 |*56.1 32-lb. lead; in, 3.10. Aft dory 
Ek. bot.; out, 11.24; in, 3.12. 
4 skates. Temp. taken at 
11.10 a. m. and 3.18 
p. m. Fresh sal- 
mon bait. 
- aS (t 20h) Ls Se Oe ee Oe eee Tr =Dlish'sdris|ice sae os Se sea ea te ees a ee 
32-1b. lead. 
- 22k FES RE ed ee ee ee GO. 5 Ass pale ee ee eee rene | Mere 
2 Leeda Le ea ee Renee doses Rea ele ase oe ee se te 
G2") 58] a ae | Plog. 930-15; ee Sele os 22x nce ghee etme ek Lead lost, 
lead. 
Ge) EE 3 | IRR EELS BE | eee fee MOL 2b i552 cee ee 23 | ee 
C0 ig) || eS ne ee | ba. 0? S21): 5. oles RAE eons (sche ee cel sek Clean lead, 
CATT AR lei mdal pe dcae deeds =| eee OE SLE 5 pose RB SE a wiciain| oct ge chow es lalate Do. 
re ee eee | eee ee ae ERA RE oe! SSSR 3) SR ee 
GG 5bealeacthlen ces. ena oc] abt-a LD! f-.5 oe eetrat UP Ee ro a5 nl lam b-qpicle peUa|oe team 
GA ab eiadact Sheer: sess. <2] ae. G06 2) Joo eoieee 8 UR 5k ya See hoes 
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U. S. BUREAU OF FISHERIES. 


DREDGING AND HyproarRapHic REcorDs SECURED Durine HALIBUT 


H. 5806 
H. 5807 
H.. 5808 
H. 5809 
H.. 5810 
H. 5811 
H. 5812 
H. 5813 
H. 5814 
H. 5815 
H. 5816 
H. 5817 
H. 5818 


Position. 


Nee Head, S. 
North Head, s. 
Net Head, s. 
aes Head, Ss. 
North f Head, s. 
Noe Head, s. 
North f Head, S. 713° E., 18.8 
Nera Head, s. 
Acie Head, s. 
North j Head, s. 
Nota Head, N. 
Neth Head, N. 
North Head, N. 
North Head, N. 
North 3 Head, N. 
North Head, N. 
miles. 
North Head, N. 874° E., 19.2 
miles. 
North Head, N. 87° E., 20.2 
miles. 
North Head, N. 864° E., 21 
miles. 
North Head, N. 86° E., 22 
miles. 
ne Head, N. 86° E., 23 
Northy: Head, S. 88° E., 22.1 
North Head, S. 80° E., 21.5 
North Head, S. 663° E., 22.6 
miles 


aoe Head, S. 534° E., 25 
Grays Harbor Lt., S. 67° E., 


17 miles. 


feet Barber Lt., S. 674° E 
Grays Harbor Lt., S. 674° E 


21 miles 


Grays Harbor Lt., , 5. 673° E., 
Grays Harbor Lt., 8. 68° E., 


25 


29 miles. 


Grays Harbor Lt., S. 68° E 


31 miles 


Grays Harbor Lt., 8. 68° E 


33 miles. 


Grays Harbor Lt., 5. 683° E 


35 miles. 


Grays Harbor Lt.,S.68}° E 
36.2 miles. 
‘or Harbor Lt., S. 684° E 


tiles. 


ee ee 


miles 
Bares Harbor Lt., S. 68° E 
Grays Harbor Lt.,5.68° E., 


BERR BEES BBE BE 


Character of 
bottom. 


fine. gy.Ss. 0. onee 


ee 


Me. |Y. \Sueos-eeee 


fne. gy S., Mi., M.. 


eee ewww weeneweeene 


ers. &fne. bk.S.... 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 anp 1915—Continued. 


DREDGING AND HYDROGRAPHIC RECORDS, 


Salinity. Drift. 


Apparatus. Remarks. 


Dura- 
tion. 


Surf. | Botm. Depth. Direction. 


Min. 


es ee ee rs 
ee ee eee es eres 6 Pe eer Pere er rt ee eee es re 
eee eee ed eee as © 00 Ps es Pe reed Ce 
ees ee eed emer © 00 ed eer eee ee eee ee 
es ees Prins 0 00 rs eee es ee eed ee 
Pry rrr ries ¢ 0 Pe ey rere rrr rea eas re 
Ss ees es ee eed ey 


es ee es 


Pees eee ee es eras 0 08 er es ee es ee 


Cece celeccecceieocccncelecc cece eccece tle cc ccccwclecccecclccccccscecccleccce 


© a @e sale cnes Colececce Slab 00 ethUee cece cel acin ces scclescvencleccecesasceciosens 


Pees eee ed ed errs 0 0) Pd es red ee ee 


eee Oe ee ed er We es ee ee ee ee 


Sounding wire was 
only 295 fms. long; 
wire alllet out, but 
no botm. 

Do. 


es sr es 0 lt Pee ee ee eee eee eee eee eee 


wwe nle www wee www wwee| Eh, SOL, DOI. ce ew ew eee we ew ee www ewe 


eS ee eg ed © 00 Pe ed ed ee eo 


Pew ccciecccceclecececsicce co Oeccc ce cceiccccccccclecccccclercscccacccsiccccs 


Beers?! 0) eee er eee ee ee ee ee 


www ew emwe ree see wwe eee eee www nnn n se we wwe wenn te weer ee wee eee eee 


Lead lost. 


es ee eee ed bs ¢ 0! Pe es ee ee 


ee eee eee eee eee)! Pee eee eee eee eee ee eee ee 


110 U. S. BUREAU OF FISHERIES. 


DREDGING AND HyproGrRapHic REcorDs SEcURED Durina HALrButT 


“nam Position. Chart. Date. ee i Depth. greene of 
H.5819 Grays Harbor Lt., S. 683° E., K *400 July 20 11.42 a. m. ee fne. gy.S., Mi...... 
H..5820 Grave Harbor Lt.,S.673° E., 6400 |...do.....] 12.14 p.m. 90 | fne.gy.S......-... 
H..5821 Greys Harbor Lt., 8. 67° E., 6400 |...do..... 12.33 p.m. 82 | osscn case see eee 
H. 5822 Grays Haron Lt., S. 66° E 6400 |...do.....] 12.53 p.m. 16) | 20. Mo 2p oee eee 
H. 5823 Grays Harbor Gs; e 653° E > 6400 |...do.....| 1.12 p.m. 68 | gn. M.,fne.gy.S 
H. 5824 Greve arbor Lt., 's. 64° E 6400 |...do..... 1.32 p.m. 65 |-....d0:.2-c. aes 
H. 5825 Sys erat pOr Lt.,S. 643° E., 6400 |...do.....} 2.04 p.m. 75) | Gio ee ae ee 
H.. 5826 oe Bee Lt., S. 65° E., 6400 | = OSes 2.24 p.m. BL saoee dO. .0:5 ese 
H..5827 Se ace Lt., S. 65° E., 6400 |...do..... 2.42 p.m. 83, |... =-d0:.-5-p aeeeaes 
H.. 5828 Grave aber Lt., S. 65° E., 6400 |..-do..... 3.02 p.m. 88 | fne.gy.S.,gn.M... 
H. 5829 Grays HIATHOE Lt., S. 653° E., 64000 heedokeen. 3.10 p.m. 92 | crs. &fne.gy.S.... 
H. 5830 Greys Erber Lt.,S.654° E 6400 |..-do..... 2.54 p.m. 05'| cscs eesees eee 
H. 5831 Greve Harbor Lt., S. 653° E 6400 |..-do..... 3.05 p.m. 110) | 5 -- acces ee eeseeeee 
H.. 5832 CONE ee: Lt., S.654° E 6400 |..-do..... 3.16 p.m. ave Buono oddonaadscct os 
H. 5833 eee Lt., S. 643° E., 6400 |..-do.....] 3.45 p.m. 93 ine EY: S.,gn.M., 
H.5834 Greys Harbor Lt., S. 633° E 6400" | --doze..2 4.06 p.m. 84 ee gy. S.,gn.M... 
H. 5835 Greys Barber Lt., S.623° E., 6400 |...do.....] 4.25 p.m. SON Cee dot 3b 
H. 5836 Grays He bor Lt.,S.61° E., 6400 |...do..... 4.43 p.m. (EN) Ganoaccnancescnbec a 
H. 5837 Gays Harber Lt., S. 593° E., 6400 |.-.do.....| 5.00 p.m. 69 | fne.gy.S.,gn.M 
H. 5838 Greys Ene bor Lt., S.574° E., 6400 |..-do.....| 5.18 p.m. 64 | fne.gy.S.......... 
H. 5839 Grays Harbor Lt.,S. 554° E., 6400 |...do.....] 5.38 p.m. 56"}-:--. co Ce eae eee 
H.5840 ia ye Batbor Ut, , 5. 533° E., 6400 |.--do.....] 5.56 p.m. 49 =-0== see eee 
H. 5841 Gteye Heepor Lt., 5. 504° E., 6400 Bees (eae 6.16 p.m. 48 |....- d0oc. eee aee 
H. 5842 Gry Harbor Lt., 8. 48° E., 6400 |-..do..... 6.35 p.m. 88 | Crs. DECS 2b aepese 
H. 5843 Greys Heber Lt., S. 44° E., 6400 |.--do.....| 6.55 p.m. 37°| ine. fy: Ssseees ase 
H. 5844 Grayp Harbor Lt., S. 40° E., 6400 |...do....- 7.07 p.m. 29 | fne.rd. & gy.S.... 
H. 5845 Peon a alien. Lt., N. 28° 6400 | July 21] 7.06a. m. 63 | gn. M.,fne. gy. S.. 
H. 5846 Be Lt., N. 314° 6400 |...do....-] 7.24 a. m. 73. | gn. Mee eee eeeeee 
H. 5847 ae Lt., N. 36° 6400 |...do.....] 7.43.a. m. 249 "|. = one eee 
H.. 5848 Destrnction 1 Lt., N. 37° 6400 |..-do..... 8.00 a. m. 290") ‘on. Mie foe eee 
H. 5849 Tne eae Lt., N. 40° 6400 |...do.....} 8.22a. m. 80 | gn. M., fne. gy. S 
H. 5850 Seah Lt., N. 414° 6400 |.-.do.....} 8.324. m. (0M ae C7 Co ey A 
H. 5851 Deseeeron ta. Lt., N. 434° 6400 }...do.....] 8.474. m. 74) gn. Mice eee 
H. 5852 pereea at Lt., N. 454° 6400 |...do.....} 8.59. m. 70 | gn. M., fne. gy. S 
H. 5853 Ee sites: Lt., N. 474° 6400 |...do..... 9.144. m. 76 «0... ccgeeetaee 
H. 5854 Destruction Id. Lt., N. 494° 6400 |...do.....) 9.24a. m. O5 [enone dO... fc oceeee 


., 19.1 miles. 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 AND 1915—Continued. 


Trial. Drift. 


Remarks. 


Dura- 


ton: Direction. 


Depth. 


Distance. 


Ce Ce ee ee ee ee ee eee 


At 2.30 p.m. setclock 

back 26 min,, which 
is not shown on 
records of H. 5827 
and H. 5829 incl. 
H. 5830 shows cor- 
rect time. 


Brie Se es ee a ns eee Geer emer Arming lost. 


Clean lead 


51700°—21——15 
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U. S. BUREAU OF FISHERIES. 


DREDGING AND HyproarapHic Rrecorps SEcuRED Durina HALIBUT 


Station 


num- 
ber. 


H. 5876 
H. 5877 


H. 5878 
H. 5879 
H. 5880 
H. 5881 
H. 5882 
H. 5883 
H. 5884 
H. 5885 
H. 5886 
H. 5887 


Position. 


De weuction Id. Lt., N. 513° 
E., 19.8 miles 
Destruction Id. Lt., N. 53° 
E., 20.8 miles 
Destruction Id. ive N. 554° 
, 20.1 miles. 
Destruction Id. Lt., N. 58° 
E., 19.6 miles. 
Destruction Id. Lt., N. 60° 


., 19.1 miles. 


Destruction Id. Lt., N. 63° 
, 18.7 miles 
Destruction Id, Lt., N. 66° 
E., 18.2 miles. 
Destruction Id. Lt., N. 68° 
E., 18 miles 
Destruction Id. Lt., N. 69° 
E., 18.9 miles 
Destruction 1d. Lt., N. 70° 
, 19.8 miles. 
Destruction Id. Lt., N. 703° 
E., 20.9 miles. 
Destruction Id. Lt., N. 71° 
E., 21.8 miles. 
Destruction Id. Lt., N. 714° 
E., miles 
Destruction Td Lt., N. 733° 
E., 22 miles. 
Destruction Id. Lt., N. 
E., 21.3 miles. 
Destruction Id. Lt., N. 763° 
E., 20.5 miles. 
Destruction Id. Lt., N. 703° 
, 18.2 miles. 
Destruction Id. ILS ONAN Ufise 
E., 20.3 miles. 
Destruction Id. Taped 
, 21.2 miles. 
Destruction Td. Nets Nie ii 
E., 21.8 miles. 
Destruction Id. Lt., N. 723° 
E., 22 miles. 
Destruction Id. Lt., N. 74° 
» 22 miles. 
Destruction LOI EA Bir bie 
-, 21.8 miles. 


75° 


Destruction Id. Lt., N. 79° 
E., 19.9 miles. 

Destruction Id. Lt., N. 81° 
E., 20.6 miles. 

Destruction Id. Lt., N. 823° 
E., 20.2 miles. 

Destruction Id. Hates) Nie 


87° 
E., 19.8 miles. 
Destruction Id. Lt., N. 87° 
E., 20.8 miles. 
Destruction Id. Lt., N. 87° 
E., 21.8 miles. 
Destruction Id Lt., Sin 
E., 22.8 miles. 
Destruction Id. ts, Ns 872 
, 23.9 miles. 
Destruction Id. Et N Sie 
E., 24.9 miles. 


Destruction Id. Lt., N. 884° 
E., 24.1 miles, 


6400 


6400 


Hedoee ae 8 
2dOn 252 


==2d0 
..-do 
...d0 


...do 


July 22 


ewes 


sees 


eaeee 


eae 


4.47 a. 


E Hebe RE eee ee 


BE BBB OB 


103 
105 
105 
103 
101 


Character of 
bottom. 


gn. M., fne. gy. S.. 


ee errs 
wee meee reer ees ewene 


G., ine. gy. S., crs. 
bk. 85. bax 
ine. Fy. Sse eee 


fne. gy. S., gn. M.. 
G., gn. M., ine. gy. 


Gee M., fne. gy. 


gn. gy li? G.,fne. 
gn. M., fne. gy. S.. 


gn. M., fine. gy. S.. 
fne. bk. S.......-- 


DREDGING AND HYDROGRAPHIC RECORDS, 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 AND 1915—Continued. 


Temperature. Salinity. Trial. Drift. 
Apparatus. g Remarks. 
a | | Surf. | Botm Depth. po Direction. 3 
4 3 , g 
412/38 A 
2 ae Al Sy oe Min Mi. 
GD) ARON SE | a | SSA ESO-ID., sew eee aces asl oe setae She ef cee 
lead. 
OE" EGC LE 2 eas Se 105 SRM | one || i (Aes | DS 
G1 Gar i vse | Ae. 5 4 (5 Ce ee | eee | VE dead 8 SR te fm 
AIO) Nees Tl a SE Bey eae GO eee ksan alle mrta b elt oe woe |lakaetacee ante pee den 
62 |*57.5) 44.95) 32.23 | 32.66 | El. sdr.; 30-lb. | botm... 60) eka tae ee ond 'Bs ee Ist dory left 10.46; 
lead; Ek. 1st dory ret. 12.52; 
bot.; NZ; 2 2d dory left 10.48; 
skates. 2d dory ret. 1.06. 
Frozen herring 
bait. 
Glolsoa uae otee occas selsaess <p Blsdres SO-Ibi ck eh. Soa ees rae as ee ae 
lead. 
Lele ttlatee sath| SSP Ie oka. El eee Goss has coalesce tele cos ces loasaeuemeatilos cee 
aL RT Reo) ee ee Pe A Os ctrse ce ea Ces = 5 ci eee eM 
Musiboteseeceeelose 2 215.22. esas OE sce et eRe codebase cet ee sehelioaeee 
iL | ay sR a ee | ee (6 (7 Se eS a || Ps Pe ie 
LEY ft 29 MEI ae | 2 ee Pe Ci (ce ae Ls ene 3,8) ae eee 8 Se 
CEA |=! I Rd PR ae | (ee (2 Ci (ce, OR ot 2 | (eS ea 
Co) a 2 aes ae eS ee ae Cs Fe RP RO | aE ee eee el ao 
OF roe et see ere See GOP. 25 hee ee ee ek ee ae oe ee 
Ne ERE sd PRI SP a ot et CE RS ee Ohad acca Se eenea Borncadecde 4 oceoe 
(i'l PG? ON A ae | Me (ees Se Ci (ae ee) 2 = es | YS rm Sey Se 
Ai] (ire) 2p Sn Ecc RS) doe ase cc te Ee ed. See 
Leo Sg Se | Re Fey Cr Lo en Io Aan 2) | a ae ee 2 Clean lead 
FO GS) RI AS | | es GO ahs ese ecar eeckic scale Poetncetteae dase 
1) Gee ee 1 se ee (a C6 (ae ee es | AL ll, ee PAA Cee a This station is the 
same as H. 5866. 
FEN (ASI | a a |e Pe Cs [fe epee) cee) Uo) | I a Meee SR Sere eS 
3=-2| UPS She 22 ee ee OP fesse cee ek Sg dee ee ie cte leaner 
59 |*56 [44.35 | 32.45 | 34.05 | El. sdr.; 30-Ib. | botm... GO! Sear eeraaele es] tomers Ist dory left 6.10; 
lead; » 1st dory ret. 9.00. 
bot.; 4’ in- 2d dory left 6.15; 
ter.; #12, #20; 2d dory ret. 9.17. 
NZ. Frozen herring 
| bait. Vertical tow- 
net haul. 
053i (oe Oe) Ae Pe ee ASOT. 30-1. || seseeenes lene cee) assests asm aie alas 
ead. 
OE Eel eS Eee ae Cee Ieee i (SS Pe 50 ul been ee ePoe Bare 
65 | 54 esate | ad Pet sere ocr GO ee ok. sleet es pecte sa eaaaas seaeecleomes 
3 7 os (ORS OH eee Bee ost). 3! > | ae | ee ele es 7 oe Hr ee 
<7] | GY 0 eS Eee eee eee Os .s aca cleeseeele acces |esee a aeenncton ses 
65 | 54 nip SE en eat One ctels ok eee ae acc nslad sess wctecl odes 
| 
i le SM Set | Dal SA Deo Pe SSOU Oe ssc tc Pree to ose ol maaeea takes alt osae 
} | 
O41 G45 Niece: ba | a Ses CAR) [a Sk nl a Be a, aR el Pe 
64 | 54 | ee | Sat E 1 1 Re POLS oO RRP | ce acod PA EENEe Gee Sheena a 
64 | 54 | dane eed eee Pe dos). .2 2522 eee Pee eee yr 
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U. S. BUREAU OF FISHERIES. 


DREDGING AND HyproGrapuic REcoRDS SECURED DuriInG HatisutT 


Station 
num- 
ber. 


H. 5888 
H. 5889 
H. 5890 
H. 5891 
H. 5892 
H. 5893 
H. 5894 
H. 5895 
H. 5896 
H. 5897 
H. 5898 
H. 5899 
H. 5900 
H. 5901 
H. 5902 
H.. 5903 
H. 5904 
H. 5905 
H. 5906 
H. 5907 
H. 5908 
H. 5909 
H. 5910 
H. 5911 
H. 5912 
H. 5913 
H. 5914 
H. 5915 
H. 5916 
H.5917 
H, 5918 
H.5919 
H. 5920 


H. 5921 
H. 5922 
H. 5923 
H. 5924 


Position. 


Destruction Id. Lt., S. 894° 
E., 23.1 miles. 
Destruction Id. Lt., S. 89° 
W., 22.3 miles. 
Destruction Id. Lt., S. 874° 
E., 21.3 miles. 
Destruction Id. Lt., S. 86° 
E., 20.5 miles. 
Destruction Id. Lt., S. 85° 
E., 19.6 miles. 
Destruction Id. Lt., S. 838° 
E., 20.2 miles. 
Destruction Id. Lt., S. 80° 
E., 20.3 miles. 
Destruction Id. Lt., S. 78}° 
E., 21 miles. 
Destruction Id. Lt., S. 77° 
E., 21.9 miles. 
Destruction Id. Lt., S. 75° 
E., 22.7 miles. 
Destruction Id. Lt., S. 74° 
E., 23.3 miles. 
Destruction Id. Lt., S. 72}° 
E., 24.3 miles. 
Destruction Id. Lt., S. 714° 
E., 25.1 mules. 
Destruction Id. Lt., S. 70° 
E., 25.9 miles. 
Destruction Id. Lt., S. 693° 
E., 26.7 miles. 
Destruction Id. Lt., S. 684° 
E., 27.6 miles. 
Destruction Id. Lt., S. 673° 
E., 28.4 miles. 
Destruction Id. Lt., S. 663° 
F., 29.3 miles. 
Destruction Id. Lt., S. 654° 
E., 30.1 miles. 
Destruction Id. Lt., S. 65° 
E., 31 miles. 
Destruction Id. Lt., S. 64° 
E., 31.8 miles. 
Destruction Id. Lt., S. 634° 
E., 32.8 miles. 
Destruction Id. Lt., S. 63° 
E., 33.7 miles. 
Destruction Id. Lt., S. 623° 
E., 34.6 miles. 
Destruction Id. Lt., S. 62° 
E., 35.5 miles. 
Destruction Id. Lt., S. 61° 
E., 36.5 miles. 
Destruction Id. Lt., S. 60}° 
E., 37.3 miles 


Destruction Id. Lt., S. 60° 
E., 38.2 miles. 

Grays Harbor Lt., N. 76° E., 
26.8 miles. 

Grays Harbor Lt., N. 764° E., 
27.8 miles. 

Grays Harbor Lt., N. 763° 
E. , 28.8 miles. 

Grays Harbor Lt.,N.77° E., 
29.8 miles. 

Grays Harbor Lt., N. 774° 
E., 30.8 miles. 


Grays Harbor Lt., N. 774° 
E. , 31.8 miles. 

Grays Harbor Lt.,N.78° E., 
32.8 miles. 

Grays Harbor Lt., N. 80° E., 
31.8 miles. 

Grays Harbor Lt., N. 824° 
E., 30.7 miles. 


Chart. | Date. | Tgneo! 
Ss. 1915. 

6400 | July 22 | 11.52a.m. 
6400 |...do..... 12.03 p.m. 
6400 |...do..... 12.15 p.m. 
6400 |...do..... 12.27 p.m. 
6400 |..-do.....| 12.39 p.m. 
6400 |...do..... 12.53 p.m. 
6400 |...do....- 1.05 p.m. 
6400 |...do-.... 1.16 p.m. 
6400 |..-do..... 1.27 p.m. 
6400 |...do-..... 3.05 p.m. 
6400 |..-do....- 3.24 p.m. 
6400 |..-do....- 3.37 p.m. 
6400 |...do....- 3.48 p.m. 
6400 |..-do....- 4.00 p.m. 
6400 |...do....- 4.11 p.m. 
6400 |..-do....- 4.24 p.m. 
6400 |..-do....- 4.35 p.m. 
6400 |...do..... 4.48 p.m. 
6400))||7--do:...- 5.00 p.m. 
6400 |...do....- 5.14 p.m. 
6400 |..-do....- 5.25 p.m. 
6400 |...do....- 5.36 p.m. 
6400 |...do..... 5.49 p.m. 
6400 |...do..... 6.01 p.m. 
6400 }..-do....-. 6.15 p.m. 
6400 |...do....- 6.27 p.m. 
6400 |...do..... 6.40 p.m. 
6400 |...do..... 6.53 p.m. 
6400 | July 23] 4.36 p.m. 
6400 |..-do..... 4.47 p.m. 
6400 |...do... 4.58 p.m. 
6400 |...do..... 5.10 p.m. 
6400 |...do..... 5.18p. m. 
6400 |...do.. 5.30 p.m 
6400 |...do..... 5.42 p.m 
6400 |...do..... 5.58 p.m 
6400 |...do..... 6.10 p.m 


Depth. 


111 


203 
124 


Character of 
bottom. 


fne. bk. S., G....-- 
fne. bk. S., gn. M.. 
fne. gy. S., gn. M.. 


were ee eee eee eeeene 


.M., fne. gy. S. 
ans Sp. ; 
go. M., bk. Sa- ese. 
G.,crs. bk. S., fne. 


n. S., gn. M. 
rhe ers. and fne. 
b 


bk. Sp. 

fne. & 
gn. oe fne. gy.S., 
bl.C., fne. gy.S.... 


ers. G.,ers. bk. S., 
ue gn.S., gran. 


Shl. 
fne.gn.S., fne.G.. 


mae gn. 5.,0r8; bk. 
G., gran. Shl., crs. 
bk. S., fne. gy.8. 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 AND 1915—Continued. 


Trial. Drift. 


Remarks, 


$ 
Dura- : 
Depth. tion. Direction. 8 

A 


—|_——— | —_—__—__|—————_ |__| —_—————————————____ |_| | 


Min. Mi. 
Sears BO-Ibalat asses cece |e cece tact del baaeb 
lead. 
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Station 


as Time of Character of 
eee Position. Chart. Date. day. Depth. boner 
c.8. 1915. Fms. 
H.5925 | Grays Harbor Lt., N. 84° E., 6400 | July 23] 6.22 p.m. 95 | fne. gy. S.,gn. M., 
30.2 miles. gran. 
H. 5926 Crags Heat Lt., N. 85° E., 6400 |...do...-. 6.36 p.m. 91 | fne. gy. S. gn. M.. 
mniles 
H.5927 | Grays Harbor Lt., N. 86° E 6400 |...do...-. 6.50 p.m. 88gns Mi sss eee 
29.2 miles. 
H.5928 | Grays Harbor Lt., N. 87° E., 6400 |...do...-- 7.03 p.m 90 | fne. gy. S., gn. M., 
30 miles. Mi. 
H.5929 | Grays Harbor Lt., N. 88° E 6400 |...do..... 7.15 p.m 90: bDIShIS eee 
30.9 miles. 
H.5930 Greys Harbor Lt., N. 89° E., 6400 |...do....- 7.28 p.m. 94 | bl. Shl.,fne.bk.S 
miles 
H. 5931 Gtays Harbor Lt., E., 32.9 6400 |...do.....] 7.40 p.m. 11) inesgy:|S see eee 
H.. 5932 orays Harbor Lt., S. 89° E., 6400 |...do..... 7.52 p.m. 279 | bl. Shi. rky..-:--- 
7 miles 
H. 5933 oe Hatbce Lt.,N. 84° E., 6400 | July 24] 8.31a.m. 88 | fne.gy.S.,gn.M... 
8.7 miles 
H.5934 | Grays Harbor Lt., N. 88° E., 6400 |...do....- 8.48 a.m. 93..j ine. igy:iSt ae esee 
29.8 miles. 
H.5935 | Grays Harbor Lt., N. 823° 6400 |...do..... 8.51 a.m. 98 shi eZ dé: 32) St Ree 
E., 30.2 miles. 
H. 5936 Grays Harbor Lt., N. 824° 6400 |...do.....} 8.59 a.m. 99 || bl. Mie 2-32 eae 
E., 30.6 miles. 
H. 5937 Grays are Ut: ,N. 82° E., 6400 |...do.....| 9.07 a.m. 111 | ers. & fne.gn.S.... 
31.1 miles 
H.5938 | Grays Harbor Lt., N. 823° 6400 |...do.....] 9.20 a.m. 107 |) ine.en: Se ssees- eee 
E., 31 miles. 
* H.5939 Grays Harbor Lt., N. 833° 6400 |...do..... 9.29 a.m. 100 | fne. pa. S., gran. 
E., 31 miles. Shl. 
H. 5940 Grays Harbor Lt., N. 84° E 6400 |..-do..... 9.34 a. Mm. 98 |) fnesensiS2 eae 
31 miles. 
H.5941 | Grays Harbor Lt.,S. 87° E., 6400 |...do....- 1.544 p.m. Os Pes S Sar oo 
31.3 miles. 230 
H.. 5942 Gre Barbe Lt., S. 85° E., 6400 |...do..... 2.07 p.m. 93 | gn. M.,fne.gn.S.-. 
1.5 miles 
H.5943 | Grays Harbor Lt.,S. 83° E., 6400 |...do..... 2.20 p.m. 983 | ns <2decaetes eee 
31.9 miles. 
H. 5944 Grays Hathee Lt.,S. 814° E., 6400 |...do.....] 2.31 p.m. 93 | gn.M.,fne. gy.S.-.- 
miles 
H. 5945 Ges TES Lt., S. 80° E 6400 |...do..... 2.43 p.m. 93 | fne. G., fine. gy. S..- 
miles 
H.5946 | Grays Harbor Lt.,S.78}° E., 6400 |...do.....| 2.58 p.m. 91 | bl. Shl.,ers. bk. S., 
33.8 miles. fne e. gn. 8. 
H.5947 | Grays Harbor Lt., 8. 77° E., 6400 |...do..... 3.08 p.m. 86 | G., bl. M. , ers. bk, 
34.3 miles. a fne. ay. 
H.5948 | Grays Harbor Lt., 8. 76° E., 6400 |...do..... 3.21 p.m. 88 | Co., ” on. , fne. 
35.2 miles. gy. : 
H.5949 | Grays Harbor Lt., 8. 754° E 6400 |...do..... 3.34 p.m. 96 | Co., hrd. bl. M.... 
36.2 miles. : 
H.5950 | Grays Harbor Lt., 8. 744° E 6400 |...do....- 3.46 p.m. 147 | G,, fne. gy. S., crs. 
37 miles. bk.S., pran. Shl. 
H.5951 | Grays Harbor Lt., 8. 73° E 6400 ;...do..... 4.04 p.m. 30) | sic ckeeeue teens eet 
36.9 miles. 246 
H.5952 | Grays Harbor Lt., S.71}° E., 6400 |...do..... 4,21 p.m. 0.) |u2ch beeteeeeeee meee 
36.9 miles. 242 
H. 5953 pie Ferhat Lt., S. 704° E 6400 |...do..... 4.38 p.m. 126\| ine: gy.) S2cescc eee 
mile 
H. 5954 | Grays Harbor Lt., 8. 694° E., 6400 |...do..... 4.52 p.m. 90 ., Sh., fne. gy. S., 
35.3 miles. n. M. 
H. 5955 aoe Hatbor Lt., S. 68° E., 6400 |...do..... 5.07 p.m. 88 fel gy. Sis. ae eee 
36 miles 
H. 5956 | Grays Harbor Lt., S. 67° E 6400 |...do..... 5.20 p.m. 7 (0) eee GOi-ccscemane 
36.5 miles. 
H. 5957 oye eta Lt., S. 664° B., 6400 |...do..... 5.35 p.m. 91 | fne.and ers. gy. 8.. 
miles 
H. 5958 oe Heriot Lt., S. 653° E 6400 |...do..... 5.48 p.m. 98 | fne.gy.S...-..... 
miles 
H.5959 | Grays Harbor Lt.,S. 643° ss 6400 |...do..... 6.00 p.m. 105 | G., ers. and fne. 


39.1 miles. gy. S. 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 AND 1915—Continued. 


Temperature. | Salinity. Trial. Drift. 


Apparatus. Remarks. 


Dura- 


Depth. | ‘tion. 


Direction. 


Vertical townet haul: 
1st dory left, 9.45; 
1st dory ret., 12.58; 
2d dory left, 9.50; 
2d dory ret., 12.47. 
Vertical haul to 93 
fms. Frozen her- 
ring bait. 


*57.7| 44.0 | 32.75 | 32.72 | El.sdr.; 30-Ib. | botm... 
lead; Ek. 

aoe 0; 

ter.; 5 ; 

NZ; 2skates. 


Sen ee es Gees Dd © 0 Pee ne) ees ed ee eed 


ees Ces 
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Station 
num- 
ber. 


H. 5960 
H. 5961 
H. 5962 
H. 5963 
H. 5964 
H. 5965 
H. 5966 
H. 5967 
H. 5968 
H. 5969 
H.5970 
H. 5971 
H. 5972 
H. 5973 
H. 5974 
H. 5975 
H. 5976 
H. 5977 
H, 5978 
H. 5979 
H. 5980 
H. 5981 
H. 5982 
H. 5983 
H. 5984 
H. 5985 
H. 5986 
H. 5987 
H. 5988 
H. 5989 
H. 5990 


H. 5991 
H. 5992 
H. 5993 
H. 5994 


Position. 


Grays Harbor Lt., 8. 64° E 
40 miles, 

Grays Harbor Lt., 8. 62° E 
35.6 miles. 

Grays Harbor Lt., 8. 62° y 
36.7 miles. 

Grays Harbor Lt., S. 603° E., 
36.8 miles. 

Grays Harbor Lt., S. 59° E., 
37 miles 

Grays Harbor Lt., S. 574° E 
37.2 miles. 

Grays Harbor Lt., 8. 56° E., 
37.5 miles. 

Grays Harbor Lt., 8. 544° E 
37.2 miles. 

Grays Harbor Lt., S. 53° E., 
37.1 miles. 

Grays Harbor Lt., 8. 514° E., 
36.9 miles. 

Destruction Id. Lt., N. 29° 
E., 26.1 miles, 

Destruction Id. Lt., N. 283° 
E., 25.2 miles. 


Destruction Id. Lt., N. 29° 
E,, 24.2 miles. 
Destruction Id. Lt., N. 30° 
, 23.2 miles. 
Daun Td} ts, Nesle 
E., 21.6 miles. 
Destruction Id. Lt., N. 33° 
E., 23.5 miles. 
Destruction Id. Lt., N. 344° 
, 25.5 miles. 
Deeeniation Id. Lt., N. 36° 
, 26.4 miles 


Destruction 1d. ta eNens do 
E., 27.4 miles 
N. 573° 


Grays Harbor Li, 
E., 39.3 miles. 

Grays Harbor Lt., N. 60° E 

38.5 miles. 


Destruction Id. Lt., S. has 
E., 22.8 miles. 
Destruction Id. IU opts ieee: 
E., 23.8 miles. 
Destruction Id. ts Sauces 
E., 25.8 miles. 
Destruction Id. Lt., S. 70° 
E., 27.7 miles. 
Destruction Id. Lt., S. 68° 
E., 29.5 miles. 
Umatilla Lightship, N. 41° 
, 22.1 mile: 
Umstilla Lightship, N. 46° 
E., 21.9 mi 
51° 


Umatilla Lightship, N. 
E., 21.8 

Umatilla Lightship, N. 533° 
E., 21.3 miles. 

Umatilla Lightship, N. 56° 
E., 20.7 miles. 


Destruction Id. Lt., S. 704° 
E., 41.5 miles. 

Destruction Id. Lt., S. 744° 
E., 45 miles. 

Destruction Id. Lt., S. 78° 
E., 48.9 miles. 

Destruction Id. Lt., S. 804° 


E., 53 miles. 


Seas eae ae ae ve 


yo WW 


Chart. 


6400 |... 


ey ee ee 


S$ ESE 


Date. wane. 
1915. 
July 24] 617 p.m 
July 26] 1.07 p.m 
adol--e- 1.21 p.m 
Eidos =|) 1538 sps10) 
BES Caen 1.53 p.m 
a na 2.10 p.m 
RACs (esas 2.24 p.m 
Seed Os 25. 2.39 p.m 
BC fo ere 2.53 p.m 
3200s 3.06 p.m 
eedQs. 5. 3.21 p.m 
SG Ast. 3.35 p.m 
{edOs2-5). 3.50 p.m 
EGO sae 4.03 p.m 
Ranoeese 4.20 p.m 
atdokee 4.44 p.m 
-.doz 5.03 p.m. 
COs 5.25 p.m. 
=. GOze. 5.44 p.m. 
[-dowe 6.06 p.m. 
.do... 6.25 p.m. 
July 27] 8.29a.m. 
--do. 8.49 a.m. 
see(oke)- 9.14a. m. 
--do. 9.35 a. m. 
-do. 9.57 a. m. 
~-d0:5...-] L017 a.m. 
-do. 10.37 a. m. 
.-do. 10.58 a. m. 
.-do. 11.13 a. m. 
do. 11.25 a. m. 
Aug. 10} 5.44a.m. 
S05 6.32 a. m. 
346 a0 3c 7.244. mM, 
seu GOnwatet= 8.12 a.m. 


Depth. 


Character of 
bottom. 


fne. gy. S., gn. M.. 
fne. wh. S., bk. Sp. 


fne. bk. G., gn. M. 
gran. Shl. 


R., G., ers. and 
fne. gy. S. 

G., ers. and fne. 
gy. S. 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 AND 1915—Continued. 


Temperature. Salinity. Trial. Drift. 


Remarks. 


Depth. rg Direction. 


: Min. 
sar: S0-1pcafea-s ase <-[- 24 
lead. 


Lost the lead and a 
few feet of wire. 


SIO sie) ek ed (te eos 


#54. 5/44.05 | 32.56 | 34.40 | El.sdr.; 30-lb. | botm... GOES seeps alee -..| lst dory left, 11.26; 
lead; Ek. 1st dory ret., 12.52. 
bot.; 4’ in- 2d dory left, 11.27; 


ter.; #12, #20; 2d dory ret., 1.33. 
NZ; 2 skates. Frozen herri 


bait. Vorticaltowe 
net haul. 
LARS ee See ee a Eaecedr: Ei Bact ses 2 | 8 PS POs scene (e -..| Weight failed to trip. 


rod. 
A ee 25a ee a a TICSOOY 5 Glekimiaes ct 58 1. es kien ee: osc fe ee 
lead. 
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DREDGING AND HyproGrRAPHIC RECORDS SECURED DurRING HALIBUT 


Station i 
num- Position. Chart. Date Mae of Chee of 
ber. : : 
H. 5995 | Destruction Id. Lt., S. 88°} P.S. #9 8159 a. mms LO. loaves eaten eres 
E., 57.2 miles. 
H. 5996 | Destruction Id. Lt., S. 854° | P.S. #9]. 9.49 a.m. 750 |! seeye Me ee 
E., 61.2 miles. 
H. 5997 Destruction Todt S287-) Pe. Se #9 |. A044 acme)? V0 a ee 
E., 65.6 miles. 
H. 5998 Destruction Tdi ts Ss 8921 Ps Ss #9 |. 1127 ams) 20. || 5 
E., 70.2 miles. 
H. 5999 Destruction Id. Lt., Ni. 892° ) P.'S. #9 |. eh 2206 plane 0” |e Se 
E., 74.5 miles. 
H. 6000 | Destruction Id. Ite, Ne 88s PaSew iso) TOS perms. CLONE eae 
E., 79.2 miles. 
H. 6001 Desiruetion Id. Lt., N. 874° | P.S. #9 |. 564 pimsy” 15800! hoo eec eee 
., 83.3 Miles. 
H. 6002 | Destruction Id. Lt., N. 86° | P.S #9 |. 3.07 pem.|) - 20. |e eee 
E., 87.9 miles. 
H. 6003 Destruction Id. Lt., N. 854° | P.S #9 |. 3.57 P.m:|| -,: 30) |S eee 
E., 92.6 miles. 
H. 6004 Destruction Id. Lt., N. 844°] P.S #9 |. 4.46 p.m)! | 100! | S2 2A 
E., 97.2 miles. 
H. 6005 Destruction Id. eG; IN: 842°) PL Ss #9 |. 5:30"... || EOL G2 Se eee sage 
E., 101.6 miles. 
H.6006 | Destruction Id. Lt., N. 83° | PLS #9 6145p mie) > 15400). ee see 
E., 106.4 miles. 
H. 6007 | Destruction Id. Lt., N. 824°] P.S #9 |. CAD PLMsi|))) (LON Soe eee eee 
E., 110.8 miles. 
H.. 6008 Destruction Id. Lt., N- 82°] Ps #9 |. 8.06": Mis) 5)! + LOLs | Sab ek eee 
E., 115.5 miles. 
H. 6009 Destruction Id. Lt., N. 814° | P.S #9 |. 8:53 pe mns|> 9 Ol iss 
E., 120.3 miles. 
H.6010 | Destruction Id. te NeSleips Ss #9 |. 9:40'p. Ms\) tiv WOE | st See 
E., 124.9 miles. 
H. 6011 Destruction Id. Lt., N. 804°} P.S #9 |. 10.29 p.m gn. M... 
E., 129.4 miles. 
H.6012 | Destruction Id. Lt., N. 80°} P.S. #9]. 11:35 p.m.) 000s 32 
E., 134 miles 
H.6013 | Destruction 1d. Lt., N. 794° | P.S. #9 12:22, a.m.) U0) ee ee 
E., 138.9 miles. 
H. 6014 Destruction Id. Mtoe Neve Pa sea ton|e 1.09;a..m. |. 20) lt... ee 
E., 143.5 miles. 
H. 6015 Destruction Id. Mate eNasiShce es Se eo) eeedoveees 1.55.9.) » (Ol... eee 
E., 148.3 miles. 
H. 6016 Destruction Id. Lt., N. 783° | P.S. HONE doses 2.41 a. m. en. Mi o20< Sys ee 
E., 153 miles. 
H..6017 Destruction Id. Ets Ne 78°) P2'S. HO) ee Ones 3.6l:a..my || 100): 222) See 
E., 157.8 miles. 
H. 6018 Destruction Id. Lt., N. 772° | P.S. 0) |. dO=aec 4.44/a. mis) 2004). 3 
E., 162.3 miles. 
H. 6019 Destruction Td Lt N. 774° | B.S. HO) ee aOsn ene 5.80 acm)! HON a 2 as ee 
E., 167.1 miles. 
H. 6020 | Destruction Id. Tbe eN ida | les See aon end Osa are GlGramey) JO). 2 ee 
K.., 172 miles. 
H. 6021 Destruction Ket ON eee ese BO le) -dOsn es 7.04 a.m. py MA soc 
, 176.6 miles. 
H. 6022 | Destruction Id. ET NOt | EA Seu nro eee OSes S.10\asms| 20. cc eeeee nee eee 
E., 181.2 miles. 
H. 6023 Destruction Id. Lt., N. 764° | P.S. #9!) o< -dosecce ROOM) 6 JO ue ee Se 
, 185.9 miles. 
H.6024 | Destruction Id. Ete Ne Ody | ibis Seire Ou seGOre one O168'afm.|: NOL oso 8s Se 
E., 190.8 miles 
H. 6025 | Destruction Id. ‘Lt., NEO al Pasi pteni| sas Oca wie 1044.ajumd)|),. 9) 20 eek se See eee 
E., 196 miles. 
H.6026 | Destruction Id. It. Ne dots | teas #9 |..-do.... -| 11.208. m. 


E., 201.5 miles. 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 anp 1915—Continued. 


Temperature Salinity. Trial. Drift. 
Apparatus, 8 
. | ¢ | Surf. | Botm. Depth. prs Direction. | 8 
ra = 4 ° +: 

8 5 ° a} 
<| a ia) a 
Wo) Bale om Min. Mi. 

NNW 00 8 URS aa Ea aa a NR Luc. sdr.; 30-Ib |..-......].. wants Tarts tok e:Als.< aff 

lead. 

(od | i ~ St (ed Bee MCA he ATS) (5) fees Oe ee el Pre | 

rod. 

Us|) Sea Le pl A Tessar: GOL Ba| ost ge oe ae a ea coy 

lead. 

Gay GREE. -..<|.. = Fed ie BE ea O FE asec Goer ey MCs | teers, Seen i a 

Vi Tl | ae ee aati Fe wee Re BN Re (3 Fo es, Seer | a eee eR cra en me ae Ae 

Lyd || aera] be ee BES a) ee a GOs be cecal ek eek | as ee see See ee ol Score 

TOR ee cane en cerlo aud 4. WIC SAE OLES Ae: sac. eas ee eee coe al etene 

rod. 

CCL) 32) Set ee a AUR UeSCye Paes 0 ho it (Ak a ey alia tal PAM ene Sach! | be | 

lead. 

EO Ue Ae | ne aed eee G3 SSSR See Rt eats Beet [OA Nel | ee Ae bt |e a 

EN ceed See peeled Renae eee pia ee (CITE A aeS SS Ne sees So oce| Cdesseesoces Sarees 

UG | ee et eee eee res Ae ae Ose eee leek oe oclae ted tte | (ewe SLE al Pee 

A] ks oy gS Male CE BICSSOrssDIeSa eae se nee [ena Jae ane ee eee ceanee 

rod. 

235! patil |S Se ee a | ae Duessore S0-1pal hese el eae 7 |sse asee aeee see 

lead. 

OZONE tse eowse te lon mc gocllh'es cin Oe A cesttis lt ctmas oul tomate Ste daisebic cealeaemrs 

eet) SJ aa) geek Dekel Le, dl a ag GOs ete cmealScotacc cn | Setrcwes | aceeritea cosa tea 

eratemoO eeemea eae: hei. <2 Sactecce Dvr cewciss| sore ee cnleeeendc|scacaskecasatecess 

(P24 | al See Sa) | TSI CASOT Ss IES les oe ae aa ta rac beers sme oe leet 

rod. 

Bai OG ieee ee ede! LOST eal Da |Past. (een ace ee Scot on 

lead. 

Goth GOe lee 2s 22h nee eS STE 8 GCOS Ro cacti Bae ais ol be dN Le AE ef Pye 

COUT Ee ie ba yg CE aD es (a ieee Sere. as PesEean PEHnBcee abe) Bice 

| 

| or ol ee) Sean ae Pi GOs. s2r322 ese ee ER Pree Pk eee Been oe 
; 59 | 53 SPO CON ee UC SSOL.; DISS. | jose meee enmal eas Sarlene ea sears 
} rod. 

1 ee ae ee TG SGr.s'SO0-1D, |e sane [eee a eke eS ee tee 
| | | lead. 

Pee (oe eect tamtoah = GO. i225 3c 2| ees eee as cee ek lemon 
(or oie a (2d eer Ci Ce Re | See as | AL Pb i 
LE OSS) Pee) eee a RE eo, ot AR BE aR A EE! 1h FD 
POPE ar ES ate ssdrs; Siges|ssae see acless.aulutcas.eeaten laa ela. 

rod. 

OOP OONssds2cbenscecle-..-22 Buersdr:-s' 30-1212 s2 eee ees locbeacesebe cles ses 

lead. 

BRINE OO lesa = satis sc nelc wan topo cues CC eR ses sell le ee BS BS = oe i oe 

Gite OG tr saes shoe eslacecee clas acc (3 Ce SAP Ea i ie HO I ee 

ey Gol Re ee] (eee ee Be ee en! Ue (7 (re foo. Cael Deere bee ae i es oe 

21.) 57 


Remarks. 


Stray line and sam- 
ler lost. Wire 
roke when reg- 

ister read 20 fms., 

robably due to 
Pink, One kink 
found in wire 
about 2 fms. above 
break. 


Sounding cup 
wrecked when 
hove against fair- 
leader; botm. sam- 
ple lost. 


Shot did not Pp 
but came up wit 
sounding cup. 


Shot did not detach. 


Weight did not de- 
tach. 


122 U. S. BUREAU OF FISHERIES, 


DREDGING AND HyprocRaApHic REcoRDS SECURED Durine HALisut 


Station 
: oi Time of Character of 
nom Position. Chart. : Depth bottom. 


: Fms. 
H.6027 | Destruction Id. Lt., N. 75° | P.S. #9 Aug. 11 | 12.31 p.m. 0: We ola eee bose 
43’ E., 206.4 miles. 500 
H. 6028 Destruction Id. Tete Noida | rleetsiy bt acest) Ihe 1.21 p.m 0. ert ee 
41’ E., 211.2 miles. 500 
H.6029 | Destruction Id. LpeNe To cu|PPS ae Hoa: -m. “O° We eee 
39’ E., 215.9 miles. 500 
H.6030 | Destruction Id. 18an IN Chie || DEBTS oe!) Ie -m. 0 hee ee eee 
37’ E., 220.3 miles. 500 
H. 6031 Destruction Tawts, Ne 7oon| be Ss #9 |. .-m. 1,480 | fne. bk. S., bn. M 
35’ E., 224.9 miles. 
H. 6032 | Destruction Id. Lt., N. 75° | P.S. #9]. -m. O: |. Oe 
33’ E., 229.3 miles. 500 
H.6033 | Destruction Id. Wis Nis (a dbeisis te) .m. 0 ee 
31’ E., 233.9 miles. 500 
H. 6034 | Destruction Id. Wien (he || TESS esa!) .m. 0. |i: sc sct ene 
29’ E., 238.8 miles. 500 
H.6035 | Destruction Id. It Ne woo boo. atone wm: 0). sc3. cee 
27’ E., 243.4 miles. 500 
H. 6036 Destruction Ta MGt Neo S. #9 .m. 1,518 | bn. Meeeeeeseeeee 
25’ E., 248 miles. 
H. 6037 | Destruction Id. 1Ui fan Nig (Dr 4) Jets #9 .-m. 10.) \eseseeeee eaecd ase 
23’ E., 252.8 miles. 500 
H.6038 | Destruction Id. Lite Newocs eos. eto ars “0! |S este es 
21’ E., 257.4 miles. 500 
H. 6039 Destruction Id. Vi Neocles Ho ms 0. |codeesceceeeee 2eaee 
19’ E., 262 miles. 500 
H.6040 | Destruction Id. Lt.,N. 75° | P.S. #9 -m. Ba Pepeaccccs ssc: - Ped 
17’ E., 266.8 miles. 500 
H. 6041 Destruction Id. Lite. Ni d5> las. #9 Boeil 635 | bn. Me: Horss-ese. 
15’ B., 271.5 miles. 
H. 6042 Destruction Id. iiing le (fie || 25 Ie #9 sans 525'|:. deceucee odeeueaeet 
: 14’ E., 273. 8 miles. 
H. 6043 Destruction Id. itis, e Nien One lbere en mnto .m. 830: | bn. Mics See 
13’ E., 276.5 miles. 
H. 6044 Destruction Id. tNGE oo eee peti BB ee ee ee 
45! B., 275.5 miles. 600 
H. 6045 Destruction Id. te Neat peal sete Beeite (il AAR Sseictoeeee 
30’ E., 272.5 miles. : 700 
H. 6046 Destruction Id. tea Ne oun |emise #9 -m. 0: lssucceseeee sees 
30’ E., 274.7 miles. 700 
H.6047 | Destruction Id. Tot Ne Dale ooo ato .m. 0h con ceeceseeeeeeee 
11’ E., 280. 9 miles. 500 
H.6048 | Destruction Id. Lt., N. 75°| P.S. #9 -m. 0 |) . wine cote eeree 
09’ E., 285. Smiles. 500 
H. 6049 Destruction Id. te N Daal enero om. O. ss aewceter eee eee 
07’ E., 290. 8 miles. 500 
H. 6050 | Destruction Id. Lt., N. 75° | P.S. #9 -m. 0. |... tee eee ee 
05’ E., 294.9 miles. 500 
H. 6051 Destruction Tata Newb lesen eo -m..|\ - 1,\600') bn: Moen eee 
03’ E., 299.2 miles. 
H. 6052 Destruction Id. Dire Ile Ze |RSS) FY -m. 0 |i. ccc ected eesnenets 
02’ E., 303.5 miles. 500 
H.6053 | Destruction Id. tN (Do | eon Ho .m. 0. |. cdeccceeectesaceines 
01’ E., 308 miles. 500 
H. 6054 | Destruction Id. JH IS ARP TESTS bet) .m. 0. |Ccaeeeeaee ee eee 
E., 312.8 miles. 500 
H.6055 | Tatoosh Id. Lt., N. 68° E.,| P.S. #9 .m. 0. |..d. cceeeeee cae 
317.3 miles. ae 
H. 6056 | Tatoosh Id. Lt., N.68°50’E.,| P.S. #9 .m. 0. |e Scene eee 
317.3 miles. 50 
H.6057 | Tatoosh Id. Lt., N.69°40’E.,| P.S. #9 .m. 0. |, .dceceuueeeeneenee 
317.3 miles. 300 
H. 6058 | Tatoosh Id. Lt., N. 704° E.,| P.S. #9 om, | 1,1774:| Dro Micesceeseeeeee 
317.3 miles. 
H.6059 | Tatoosh Id. Lt., N. 70° 31'| P.S. #9 -m. 0: |-2ccccseenee base Sees 
27/0 oll. 6 miles. 500 
H. 6060 | Tatoosh "Id. Tete @Ocioa. ier ds #9 .m. Oo cc Sc onedee ene see A 
53’ E., 306 miles. 500 
H. 6061 | Tatoosh Td. Lt., N. 70° 34’ | P.S8. #9 -m. (1h REE Se oc Boe oe ae = 
20’ E., 300. 6 miles. 500 
H.6062 | Tatoosh Id. Ibjhs Nig (Ue eae | lees 9 ea!) .m. OV) wceceues itseeeeee 
46’ E., 295.2 miles. 500 
H.6063 | Tatoosh Id. TSN 7021872 base tO .m. 1,445 | bn. M.) Forse aace 
13’ E., 289. 8 miles. 
H. 6064 Tatcosh ‘Id. tee 20 2 S80 |e ro .m. 0. || scscseeeceeeeeraee 
39” E., 284.3 miles. 500 


DREDGING AND HYDROGRAPHIC RECORDS. 128 


INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 AnD 1915—Continued. 


Temperature. | . Salinity. Trial. Drift. 
| Apparatus. g Remarks, 
< g Surf. | Botm. Depth. ect Direction. g 
So 

a| mA a) 

ED oe Min. Mi. 

fy ees Sees a eee VSG! Aras GUsID: [Seems hosel. ntsc [Lccoessscces [asces 
lead. 

Tr eee ESS Se te eee a0 hee Done beiee| BASS e4 Ae SSSeeremme Cecre 

ro Eee) ake = aed ee Eee G0) Ae Se) Lo eee | ee | Ee Pg 

BT Meso ces ok Slee eee. c |e rents OE Sete waters eee sd el eciceeet [batuce ecco gos] semtes 

i) he eR eS a | a ee Mauer sare; Biggs tera ss eel socstee bow aceccee os|acees 
rod. 

1 [9 OSE SS SS Be | Apter ee 03 Ly ee ee S| eee gaa | Se eee ea ee br Se 
lead. 

Re Oa eee hn OE Se cs csce Pace ce ee accacct|toscbseecdetlanter 

Bo fewse ae |neckiee|ne cos. «| feet OTH. . doscc|pacece ee lecet- ns |kosecsesedas|scees 

Td See | Ss a eel eS Se ee OS Sea ae Loci eee 4 | Sa Se, Se Ae | 

CR Re a ee ae Cae gies ‘Sigs. |i st seee| oe scene tek ee aes tes leet Weight returned. 
rod. 

70 OS ee A ae | ee Wes saris 30-l pi eeee os eel nos foes ios ees ol eaeiee 
lead. 

SY Se ae eee ees OSes cbse ecec cel: ces ccblbcsa cence scklecwas 

70 Ene Se 38 Sc SAS ee Boos Qe. sacs |Pemores ne] Sac eat ecw S vee sac eateeys 

2 ee | Ds Se Gach nese a pak ts cel acces ce Rane sncm rect abies 

fie Ue ee ee ea IDE he Sh tc Be emer] BEcosee He eredessded boou0 
rod. 

54} ------|--.----]-------|----- 3 OE BA esc Gc boee nak neeeeec| AaSeeaeeesad cpackc Lost sounder. 

7. pe Che SOoeeee eee ues sdrs780-1bs |Sssa28. 2s] .cceces|seeces=teetlaneee 
lead. 

ire 2) BAPE SSS ee a as 7 A Sarg ol ee a epee ae Ses Ae Pd ic 

7) OSC ODE] Boe tes SeCceeel besa OP Ie BS BAR ene Meee bet be pa seeeesgercl ey jor 

Ty) 2 teen Ae ee a eee Bone GCS ae ae 34) SCCGr Bon Seto od Srocecmenccd) Apres: 

G5 ee en SI. 2 ee Pe Gl ek add RcreGe DOA Geo aeae DS--oetabsoad osc] 

ITSP eel SR oe ee a G Uk es BecrocroH bamemacl Sabor acesa odes 

iM owe Cee Se Geers Pee GT FR es |e Ro ot [EE me eal |S OR ermal bectoe 

i) et ee 2 eS Cee GOR NSS. ook pea teteciel ome adel nee eneemeses lees 

BGneeaccalsatcaks lactase -t pe es Sigss Sac steel seeee al tem aee Nemes oes Weight returned. 

, rod. 

|| She eee ae (ee Tene ssa re S0-1Ds| sass se cer nictes ae el etineiesemaeiteeees 
lead. ; 

il 532 ee Ce ee ee GRAS RRAS Meno? BSA IRA so mo oC Onpirad loagoe 

NN Seca] es Ss aes eae (i Cy Re BREE O98 epee IS Gren cyt 

Lf |= CRE S| | eles Pee Oe 320 « Sa Sewen eens sees eo leet wees pene lace e 

af) |oncows jer eee 7 Reps G22 2s So. ieee aeee les eeleebawees caoeteoaee 

6 | ea bier Pee DO fae cae's sd eee eee eer en clean aes cen cele s ene 

7a) | ee Ne oy uc: sdr:> Sigs. |. cases Sccsaskleoe see esac lacs ee Do. 
rod. 

0 hy | Ae UR IE pena Poe edie: S0-ID: | soe lees ce re eacaaeel ewes 
lead. 

Bi alae Seclapesckel pst nes class ve (eae nem it: 5 a | Be EEN ESN 

DO pte sila e erate be Aad Lael rao OG was 5 = eel eee e le censaalaameamsipmac sla octal 

Tal Bee) Pere Ae hog Beene (ema Ci ae ee | a eel PR [oe CO RO ie 

BG Nec cen ecoaee Mes Sones PIG, SOL.* SiSs. |e sees Va cnn aiclv eee ax mein do} ea le'eie 
rod. 

Od | eee S| ee Huc-sdr.-30-Ip, |.soees - cls. Mae hate tre ca. o'o,cf eae 


lead. 
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S. BUREAU OF FISHERIES. 


DREDGING AND HyproGrapHic REcorDs SECURED Durina HAtLisutT 


Position. 


Chart. 


eS Id. Lt., N. 
06’ E 
Tatoosh "Id. Lt., N. 


32!’ E., 273.3 miles. 


Tatoosh Id. Lt. ,N. 


59”” E., 267.7 miles. 


Tatoosh Id. Lt., N. 
25'’ E., 262 miles. 
Tatoosh Id. tN. 


52!’ E., 256. 6 miles. 


Tatoosh Id. Lt., N. 


18’ E., 251. 2 miles. 


Tatoosh "Id. Lt., N. 
45'’ K. 
Tatoosh Id. Lt., N. 
12’ E. 
Tatoosh Id. ite, IN 


38’ B., 234. 5 miles. 


Tatoosh Id. Lt., N. 


05’’ E., 228. 8 miles. 


Tatoosh Id. Lt., N. 


31” E., 223. 5 miles. 


Tatoosh Id. Lt., Ni. 


58’ E., 217. 7 miles. 


Tatoosh Id. Lt:, N- 


24" E., 212. 7 miles. 


Tatoosh Id. Ute 
51’ E., 
Tatoosh Id. Ne 
WM AD 
Tatoosh Id. Lt., N. 


44’ B., 197. 5 miles. 


Tatoosh Id. Lt., N. 


10’’ E., 192. 2 miles. 


Tatoosh Id. Lt., N. 


37'' E., 187. 2 miles. 


Tatoosh "Td. iN 


03’’ E., 182.4 miles. 


Tatoosh Id. Lt., N. 


30’’ E., 177.4 miles. 


Tatoosh "Id. Lt., N. 


57”’ B.,172.3 miles. 


Tatoosh ‘Id. Lt., N. 


23 Ol. 5 miles. 


Tatoosh ‘Id. Mat Nie 


50’ E., 162. 3 miles. 


Tatoosh Id. Lt., N. 


16’ E., 157. 3 miles. 


Tatoosh Id. Lt., N. 


43’’ E., 152. 4 miles. 


Tatoosh ‘Id. ates Ne 


09’’ E., 147.3 miles. 


Tatoosh Id. et. N 
36’’ E. , 142 miles. 
Tatoosh Id. Lt., N. 


02” E., 137.5 miles. 


Tatoosh Id. Lt. BIN: 


29’’ E., 132. 2 miles. 
| Tatoosh Td. Lt., N. 
55’’ E., 127.1 miles. 


Tatoosh Id. it.» Ni. 
22’' B., 122.1 miles. 
Tatoosh Id. Lt. ,N. 


48’ E., 117.1 miles. 


Tatoosh ‘Id. Lt., N. 


15’’ E., 112.1 miles. 


Tatoosh Id. Lt., N. 
42’ E., 
Tatoosh Id. Lt., N. 


08’’ E., 102.2 miles. 


Tatoosh Id. Lt., N. 
35’’ E., 97.4 miles. 
Tatoosh Id. Lt., N. 
01” E., 92.2 miles, 


> 278.8 miles. 


, 245.5 miles. 
, 240.3 miles. 


207.8 miles. 
, 202.5 miles. 


107.2 miles. 


aply 
71° 
71° 297 
71° 30/ 
71° 32’ 


. 


ae ae ac ete ag ae ie Bp a ge ene i aie tl 


a a he er i re eI 


tg 


eer 
min 


mt wm 


AD A mm wm 


Time of Character of 
Date. day. Depth. antic 

1915. Fms. 

Aug. 12] 9.54p.m. 0. || oso Ses neeeeie wees 
800 

-.do...--| 10.52 p.m. (UM PRBS ese cece ace Sot 
800 

.-.do...-.| 11.48 p.m. Ui BARE anneeoses Sc 
800 

Aug. 13 | 12.46 a.m. 1,644 | bn. M., For....... 

seer acic|) 2403) a.)10, Oe Ja eee ie ee 
500 

-.d0....-] 2.51.a.m. 0! | A205: ees eee eee 
500 

--d0;:...| 3.42’a.m. Ob). osth sence eee 
500 

-.do.....| 4.32a.m. Be Pe Sarit te 
500 

-dotz2..| 5,203, .m! | 1, 433)1|) pneiiese =e aeeee 

.-.40.....| 6.298. m. JOM io ce Ssaeeeeee eee 
500 

= 2GOsents |i ¢eLG aati. 0) D8 ee ae 
500 

--.do.....| 8.05a.m. NOD Pee Sse 7-2; 
500 

---do.....| 8.53a.m. 0) ase eee ee eee 
500 

--do.....| 9.41.a.m. 1, 580),|\ bnv Mie oree-eees 

.--do.....] 10.50 a. m. ONE. seen 
500 

.-.d0...-.] 11.44 a.m. LUMI RASS Aces ncicc 
500 

.-.d0.....| 12.36 p.m. OO | See eee 
500 

seedOscsec|| i 2o sp: al. {00 [b.do.5. 26s Beeeeee 
500 

4 .2d0.-2-.|) 2:13sp.m.)|). 1380s eee 

aol aaa) Seevbjop isa UR) peecriccdios Sucee ace 
500 

pecdOsec- =| a4sl oi. aie LOL Wc St eeeeeteee ee 
; 500 

ecedQree--| (0.04, pam: =O) Ic. sickest eee eeneee 
500 

Js Osn cee |(e Os 40). EO. O00)... te eee 
500 

=<G02<=--|| (6.69)p. 10. 1,457 | bn. Mi or. se eee 

Edo eelmiolapsans On cee 
500 

-.d0:..-.| 8.41. p.m. 30! ||| .caceeeeees Chee 
500 

e-d0s=5 9.29 p.m. 20) | 2k. cee eee 
500 

..do...--] 10.16 p.m. 0! | goa 
500 

d0.-.-| 22.05 p.m. 1,450 | bn. M., For..-...-. 

Aug. 14 | 12,21 a.m. ON ease eae a eee 
500 

edOens 1.09 a. m, O\. |... 3 BESS eee 
500 

mdoseeee 1.544. m. 0 ee eee 
500 

E-GOn-s=s 2.40 a. m. Ue PRs eel, - 
500 

~O0seece 3.26.a. m 1,430 | bn. M., For....... 

Basen 4.32 a, m 0: ||oc. bk oe ee eee 
500 

eGOcanae §.22 a OF cies 2S eee 
500 

eOOneees 6.14 a. m. 0! lee cantare coeeeeees 
500 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 AND 1915—Continued. 


Salinity. Trial. Drift. 
Apparatus. a g Remarks. 
ura- 2 + =| 
Surf. | Botm. Depth. taxi. Direction. g 
a 
: Min. Mi. 
= Sh et Fae Met | an Wuesdes:30-Nb: yee: Selo ae ee ote (Sone 
lead. 
Soe ee ee a AP by ae ect SaRAB ee beeen eee 4 |e ee eae ee 
el Ea |. PRESS (Pr 2 ier ce lbh oh Onl sed ee 
ee ie El Ee eae |e Fe Sn Oh ecallco seek toe cee. ces s.lsehoel WELERU RORUEIBG 
rod. 
ee RS Ratna oe | De aoe mosadr?sS0-1b, [42.3 2220]. |. obi e le cee s ceecx le aome 
lead. 
y= nell bel: Seep ol eee 6 CS SRS [= One| Dr ey Le Se see bee oes 
| Pe Pa ae | Re fe 3 (eae ae ener {as Reape = | DRT 20) | oe wey (Dees P 
SE CPR ee oe oe GODS - 3.03 165s Rl os Re Ibe anes aa lnssee 
SOSA EAE ee. 1 Gyr Ugh GCap Sy eas Fa (Re st (ae Dae, eee te [a Do. 
rod. 
Pe A | BHIGsSGR.SO0=L Dab. = oe Aelia oe Sen [b cece oo sere eae 
lead. 
POLL 1ST RRS Eee a ia eres | eee EE CRESS Se eee Roe cme el Ge Serine ieee ln ae 
aN MING eos 6 ae cso tcuealeaedy DOS2t soteme|orcaes sos lonaecee| sepeascomen eaaee 
oa || 222 Se ES ee pete (3 (veer | eee ae aN [eer meee fe Cina ee 9 (ee 
Can) 7 i) aN ae pa DR eae TMCssdris Sigs: |). .cosae. | ace oeee | aseeceeeeeael ances 
rod. 
CTE fl PRRs) era | ee Eaersdr: 30-Ubh, | ceo arses llc oae ool reba eeececis| Sadee 
lead. 
Py) ES Ah ee |S” paren Pee Os sacascmclscieeean.lsoeeeee moeeamcscae chee 
EAA) ay) ESS) ee | | ee Pee MO Sais deta s| Sch omitee |pesioaien | eae aes steel sistas 
CCU Ait RR RE Se a ene GO pe ossep alee nace. ta dot la seeeeeeseelecces 
AUG) 7) SN a ee uessdrssiSigs: lz 02 doce lecascee|tebe cece casei eset Register read 175 
rod. fms. when sdr. 
reached surface. 
/ AN 6 8] I a | Poa Hacssdre SO al aise se aeoelaccacs lecpsaeaciesias| scat 
lead. ; 
UUM Ee A AVaoe = oo Spa dafmnale MOse es ahana|sachas- ot seenecs|sercecccace = [asset 
CDS PL i PR se a ee ae GOz ee as cleo amges «| tone cen eb bien base aliccine 
EE DEO Ba I so re ee | er fee ee el ee eeepc Mates 
(on ht es ee eee UAT ME Gs beeea s) Peel ee eel ee Se ee eee 
rod. 
CN 1 ARN ee oe Dae sdrssa0-] Pil. ase tots e ae lacbee as <atecooees 
| lead. 
66) 54]...... nes Weed DBss.. occ solo es kee wale sees eee Seem enaeslpoees 
CN eS es eee | 5 Caen eee 72 (4 eee nel Peeves sree. yd Mase poe od | oe Rea pe ane 
Ir) Pre) DS Ea a oe [ee BO Soscan sce eee ae eas Eee aaa ome 
104 Mi) aaa ap |e I Tuneear.: Sige. 1a saeiek sels ote oo nae {ose 
| rod. 
TENS 9 RE Re | 2 uGcisdr::30-Ips peewee |e sae ea kao eee 
| lead. 
"yr! TG) ee ee lO IE ofa Co [oes aes el CE ye AY ee A be ae teed bos 
EDN ee cca </nioss Sapeeco castoeies Ca Pa a), ee ly el | ee ee ee 2 
DOE) [oan ok clanccccalkGeacc-lwewed i Ce ap os | 2s Sel Pad A | Sie a ce a 
TA Tl as Bmp Ral | aa laatie.adr.; Sigs; Z.22-.4-|.'. = EEA HOS oe OE ae ee Weight returned. 
rod. 
Be) | AOD oe da| sab 00s dena dv es Ttieadr,:30-lysteaeee sen fe dslen da acaplccslaceast 
lead. 
(oth it) eel a FE a ee OO. 6 occas cane nana |seenaeel Sateccmerce clase 
BAP OL Wedecslpnaccccbepcaceluswed M0. = caadesnlemien eb eclnacamcclocseses+=scclenuee 
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Station 

228 Position. Chart. 

rr: 

H.6102 | Tatoosh Id. Lt., N. 71° 33’| P.S. 
28’’ E., 87.3 miles. 

H. 6103 | Tatoosh Id. Lt. N. 71° 34’ | PS: 
54” E., 82.1 miles. 

H.6104 | Tatoosh Id. Lt., N. 71° 36’ IPSS. 
21’”’ E., 77.3 miles. 

H.6105 | Tatoosh Id. Lt., N. 71° 37’| P.S. 
47” B., 72.3 miles. 

H.6106 | Tatoosh "Id. Lt., N. 71° 39° etek 
14” E., 67.3 miles. 

H.6107 | Tatoosh Id. Lt., N. 71° 40’ P.S. 
40’ E., 62.4 miles. 

H.6108 | Tatoosh Id. Lt., N. 71° 42’ PS: 
07’ E., 57.5 miles. 

H.6109 | Tatoosh Id. Lt., N. 71° 43’] P.S. 
33” E., 52.5 miles, 

H.6110 | Tatoosh Id. Lt., N. 71° 45’| P.S. 
E., 47.7 miles.” 

H. 6111 Pachena Pt. Lt., N. 66° 40’| P.S. 
E., 41.7 miles. 

H. 6112 Pachena Pt. Lt., N. 66° 45’ | P.S. 
E., 46.7 miles 

H. 6113 Pachena Pt. Et. INE GYAN DEG || TEASE 
51.5 miles. 

H.6114 Fachena it: it; N.67257H.; | P.)S- 

H.6115 | Pachena Pt. Lt., N. 67° 30’| P.S. 
E., 61 miles. 

H. 6116 Pachena Pt. Lt., N. 67° 45’ P.S. 
E., 65.9 miles 

H. 6117 Pachena Pt. Lt, N. 68° E., | P.S. 
70.8 miles. 

H.6118 | Pachena Pt. Lt., N. 68° 5’| P.S. 
E., 75.1 miles. 

H. 6119 Pachena Pt. Lt., N. 68° 25’ | P.S. 
E., 79.7 miles 

H.6120 | Pachena Pt. Lt., N. 68° 45’} P.S. 
E., 83.9 miles. 

H.6121 | Pachena Pt. Lt., N. 68° 48’ | P.S. 
E., 88.8 miles. 

H. 6122 Pachena Pt. Lt:, N. 68° 51” || B.S. 
E., 94 miles. 

H. 6123 Pachena Pt. Lt., N. 68° 54’ | P.S. 
E., 98.5 miles. 

H. 6124 Pachena Pt. Lt., N. 68° 57’ | P.S. 
E., 103 miles. 

H.6125 | Pachena Pt. Lt., N. 69° E., | P.S. 
108 miles. 

H.6126 | Pachena Pt. Lt., N. 69° E., | P.S. 
112.5 miles. 

H. 6127 | Pachena Pt. Lt., N. 69° E., | P.S. 
117.6 miles. 

H.6128 | Pachena Pt. Lt., N. 69° 1’| P.S. 
40’ E., 122.1 miles. 

H. 6129 Pachena Pt. Tut:, ON. 69° 2) PS: 
26’’ E., 127.1 miles. 

H.6130 | Pachena Pt. Lt., N. 69° 5’] P.S. 
E., 131.7 miles. 

H. 6131 | Pachena Pt. Lt., N. 69° 10’ | P.S. 
E., 136.7 miles. 

H. 6132 Pachena Pt. Lt., N. 69° 15’ | P.S. 
E., 141. 1 miles. 

H.6133 | Pachena Pt. Lt., N. 69° 20’ } P.S. 
E., 146 miles. 

H. 6134 Pachena Pt. Lt., N. 69° 25’ | P.S. 
E., 150.7 miles. 

H. 6135 Pachena Pt. Lt., N. 69° 30’ | P.S. 
155.7 miles. 

H. 6136 Pachena Pt. Lt., N. 69° 32’ | P.S: 


E., 160.5 miles. 


SEER E BEREREEBBEBEBEB SBEEBESESEES 


SSBEBVSEBEBTE EB SS 


Date. 


ABO SSeS 


Time of 


day. Depth. 
: Fms. 
7.04 a. m. 0 
500 
7.50 a. m. 1, 268 
8.57 a. m. 0_ 
500 
9 45 a. m. 0_ 
500 
10.33 a. m. (i) 
500 
11.33 a. m. 08 
500 
12.20 p.m. 650 
1.10 p.m. 490 
1.57 p.m. 240 
4.56 p m. 210 
5.40 p. m. 300 
6.25 p.m. 390 
7.12 p.m. 724 
8.45 p.m. 0 
y 500 
9.34 p. m. 0_ 
500 
10.24 p.m. On 
500 
11.12 p.m. 0 
500 
12.01 a, m, 1, 400 
1.10 a. m. 0 
500 
2.02 a. m. 0_ 
500 
2.53 a. Mm. 04. 
500 
3.41 a, m. 0_ 
500 
5.15 a. m. 1, 455 
6.24 a. m. 0 
500 
7.11 a.m. we 
500 
7.56 a.m. 0_ 
500 
8.45 a.m. 0. 
500 
9.33 a.m. 1, 450 
10.41 a.m. 0. 
500 
11.29 a. m. 0. 
500 
-| 12.09 p.m. 0 
500 
1.02 p.m. O. 
500 
1.50p.m.| 1,445 
2.54 p.m. O. 
500 
3.46 p.m. 0 


Character of 
bottom. 


Me. gy. Seeeseeea: 
cers. and fne. gy. 8. 


ee ee 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 AND 1915—Continued. 


Temperature. Salinity. Trial. Drift. 
Apparatus, g Remarks. 
. | ¢ | Surf. | Botm. Depth. eg Direction. 8 
Snirer ce j ¥ 
< | @ faa) A 
oR) °F.) oF. Min. Mi 
ROE ocean alamovacslacueees Bucisar.S0-1bs |e su. Sen. |-.seeckl nade Saale ss] tee 
lead. 
Gao awees=|s4-0<s|oucul es Tages Sis) C-3)| Sees Soe Beaamnd eoe Gaon rece PRA 
GSE Th 5 A TUG; RGR S0-1D a S0ee. Seki = ls ate [tases cc sosealeoeee 
lead. 
Ca Yan Dears ORS eS eee GOS saa sah a. ca Feel saideok ounce woe eise sls ates 
Geom oe teams sees Soe 2. Solse es GOs. eeresuitit uk soe load soe lbcecote adele tees 
’ 
oo EEA SI iy eee as fore bi cc sik lhe EER eA SE 
Cl Gl ae EP te at eich AS 558.5) Beeocod Mecoserpdead aecc 
Cee beat coset Wa Seeds oo 2 UCvsOT. a0-1DS| Sec. nebo cee coe le cate ee ade] eee Register read 20 fms. 
lead. when lead was in. 
No botm. sample. 
GE | atria eccearai Rea 2] RR (et C6 (es Be ee Ne See | eS we stel ees dcmssacs| eee 
Benepnee tec! Sh ee ele oon (6 (es Bey SA [ee Se PSs cots te seme Sebo leas 
0) a) VR RS 2 | eee (ee C3 CSE ee A ee Se a eee Aes | SE Re Re cr 
of \ |, HEA ane RS SP |e a Ci 0 Fe ipl eines a (RO Bee Ue ge Ss 
77 All he chal Pecetaee al begat (a Ve Reap pees (pean, ak a fea Ue ede me iar +, sample lost. 
(FES) atl RR a etc eae | ee et GOS see stock | Wee se ceiselncseceetawas soe eeealaeeae 
UT Gy a Ee eee a dl GOW a sone sxe sSekon el secere slet omen eee a necion 
a) | Ae) SI 3 | (Ee (GE SN el Dae eye bees amerra dl bs Rome a ele air bgee 
Gildl| (st) Cay Pe hte Pl beefs CSE oR Sra Ee (a Re ae rs ee ees, Sue Dag 28 
Gittaenanpeees flees Sait. oo: aelsdr.4Sigss |e 8 es oe eee oss eee sfc ee Register read 15 fms. 
rod, when all wire was 
hove in. 
Li 1 | Rake al ead ee Ibvessdy-<a0-I Dales. Aen cee ee eee te ae eae 
lead. 
211.1) es I es a eal ees oD ae sin iene [Manor cee al seotecel uattes Maes oe hoeeae 
CELL eG SS Te 28 ease ee en ee GO Fea nels oe fees ccm lt e ee ae oanleee ee 
re UTS Se al Oe re GON? <7 = alee nhac ee eolseeeeee es ote eee 
CH] A | a Se Lue. at Sige shee ue lee: |S ale Ae es a Sounding rod and 5 
rod fms. wire carried 
away because of 
kink in wire; re- 
pairs made and op- 
erations continued. 
CTU] | ie Soe ae Re inessdr: + 30-lb sit. <8 0s. |s aeons coe eee le eee 
lead. 
| SE TM aed) Re A ee ae Gozo 2. <2] eeesseee |b eaten eee Eee celeb 
BURTPRDG! | cece eke oe (eae a 4 Ee Lae ee aes 5 Se 
rv | a ee Bree | ah eed eee GON 2... 2) Dace eee [ea eee secs e ek eA ee 
69 | 56|...... Poco Capt | Lue. wdh-« Bigs |S oe AU PE A ad Weight returned. 
rod. 
LG ee ee | Ssnesedr.;30-Ib: |eateaeee bee ote eta hie ee 
| lead 
fil {a5 el eae teem st haters Osos EEE S ae ale Aedes e 
7 |) Os (SER TR RS (Pe G Cees Se el ne Ie Sede I 
| 67 SG). 2 Eee | Bae | Pe | GOss2 Ja 5-5 (dksso a EAS Se esas Se ee Bees 
| | | es Meee See | ieaBer: Sigs! | wescmease| 225 26)bagbhicc = sc leacntes 
rod. 
oS] [as | ee a See tiersar.: 30-Ib5| Geach. as Se selat cece cee wclesuae 
lead. 
GOth Oeil cosyelsaccses |ecereee|eeees do. Se cwceeee ote ereccdle aicade's [reteseseseseleeeee 


51700°—21——16 
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DREDGING AND HyproGRAPHiIc REcoRDS SECURED Durine Hauipur 


Station 


am Time of Character of 
mua Position. Chart. Date. day. Depth. bother 
( 1915 Fms 
H.6137 | Pachena Pt. Lt., N. 69° 347} P.S. #9] Aug. 15] 4.34p.m 20. jae cis Cee epee ae 
E., 165.2 miles. 500 
H. 6138 | Pachena Pt. Lt., N. 69° 367} P.S. #9 |--..do....-. 5.21 p.m 0...) a3 2508 Se ee 
E., 169.6 miles. 500 
H.6139 | Pachena Pt. Lt., N. 69° 38’ | P.S. #9 ].-..do.....| 6.17 p.m 1430) |) or MESS eee ee 
: E., 174.5 miles. 
H.6140 | Pachena Pt. Lt., N. 69° 40’ | P.S. HON d Ose ane 7.15 p.m 0.) oe 2ce cess eee 
E., 179.2 miles. 500 
H.6141 | Pachena Pt. Lt., N. 69° 42’| P.S ONeesdOaeees 8.02 p.m 30. ||u cence eee ene 
E., 184 miles. 500 
H. 6142 | Pachena Pt. Lt., N. 69° 44’| P.S. #9 ]_..do...-.. 8.49 p.m 0) | toni aces ee See 
E., 189 miles. 500 
H.6143 | Pachena Pt. Lt., N. 69° 46’ P.S HO) eed Oseeee 9.37 p.m ML Oe acs 
E., 193.8 miles. 500 
H. 6144 | Pachena Pt. Lt., N. 69° 48’| P.S HOE. <GOsnee 10.26 p.m 1,438 | bn. M., For..-._.. 
E., 198.6 miles. 
H.6145 | Pachena Pt. Lt., N. 69° 50’ | P.S Ohler LO a farce 11.35 p.m. LU fay Beppe seats spose Ce a 
E., 203.5 miles. 500 
H.6146 | Pachena Pt. Lt., N. 69° 52’| P.S #9 |Aug. 16--.| 12.28a.m 0° nate ee a 
E., 208.3 miles. ; 500 
H. 6147 | Pachena Pt. Lt., N. 69° 54’ | P.S Oe Onesie 1.16 a.m MUN ee ete A 
E., 213.8 miles. 500 
H.6148 | Pachena Pt. Lt., N. 69° 56’| P.S HON GOsaee 2.03 a.m UR SBR 
E., 218.7 miles. 500 
H. 6149 | Pachena Pt. Lt., N. 69° 58’ | P.S HO) |(eed Ose ses 2.53 a.m 1).236))|) brevis omer 
E., 223.7 miles. 
H.6150 | Pachena Pt. Lt., N. 70° E.,| P.S HO) awed Os cue 3.54 a.m 100]. eo cee RES eee eee 
228.5 miles. 500 " 
H.6151 | Pachena Pt. Lt., N. 70° E.,| P.S Olin ae Owes 4.42 a.m 15,532))|) bus Mey Honea q 
233.2 miles. , a 
H.6152 | Cape Beale Lt., N. 70° E.,}| P.S HO GOssnce 5.52 a.m Bi Bee orisseccc seen cea. y 
230.3 miles. 500 
H. 6153 | Cape Beale Lt.,N.71°15’ E., | P.S Oh eee CLOnsatae 6.37 a.m 06) o. Seheeeeclere nee eee ny 
230.3 miles. ; 500 " 
H. 6154 | Cape Beale Lt., N. 724° E.,| P.S pet eo Come 7.23 a.m BN Berane nes Sa B 
230.5 miles. 500 
H. 6155 | Cape Beale Lt., N.73°45'E.,| P.S. #9 |...do...-- 8.10a.m 10): | 2a ! 
230.7 miles. 500 
H.6156 | Cape Peale Heed: 13° 47°18" || B.S POU eadOseees 9.04a.m 1,600 } bn. M., For..._... 4 
ds miles. i 
H.6157 | Cape Beale Lt., N.73°49'37”" | P.S HONE GOLetes 10.20 a. m fu Via eee errs Soe = ul K 
-, 221.3 miles. 500 j 
H.6158 | Cape Beale Lt., N.73°51'55'" | P.S. #9 |..-do..... 11.08 a.m RRs eee sseee se 
E., 216.8 miles. 500 
H.6159 | Cape Beale Lt., N.73° 5414" | P.S HO peed Oseees 11.46 a. m 1000 ie Se ee eee ‘ 
., 211.9 miles. 500 # 
H.6160 | Cape Beale Lt.,N.73°56'32"" | P.S. #9 |...do..... 12.34 p.m 10.0)... 5 
E., 207.2 miles. 500 
H.6161 | Cape Beale Lt., N.73° 58’ 51” | P.S HON scdOnseee 1.21 p.m 1,565.) bn. Mi, Honsc-neee 
; ., 202.5 miles. ‘ 
H.6162 | Cape Beale Lt., N.74°01'09’" | P.S HOM. -.do.. 2 2.32 p.m Bee eee eee oe sce. 
., 197.7 miles. 500 
H.6163 | Cape Beale Lt., N. 74° E.,| P.S #9 |-o- Ovens 3.18 p.m 110) 1} < s:2 free eee tea 
192.8 miles. 500 
H.6164 | Cape Beale Lt., N. 74° E., | P.S HONE OMao 4.05 p.m Wi pene oe ee: . 
187.8 miles. 500 4 
H.6165 | Cape Beale Lt., N. 74° E.,| P.S. #9 |...do..... 4.51 p.m “0, |) sce eee 
182.8 miles. 500 
H.6166 | Pachena Pt. Lt., N. 74° 10’ | P.S HO |e douwees 5.38 p.m 1,387.} yl. Morse eee | 
23’ E., 178.1 miles. : 
H.6167 | Pachena Pt. Lt., N. 74° 12’| P.S BON eadoucece 6.44 p.m. 0\))| atc eee eee 
42" B., 172.8 miles. 500 , 
H.6168 | Pachena Pt. Lt., N. 74°15’ | P.S. #9 |...do..... 7.34 p.m. (O:. |eso2c2ecce eee nee ¥ 
E., 167.5 miles. 500 | 
H.6169 | Pachena Pt. Lt., N. 76° 15’ | P.S. #9 |._-do..... 8.28 p.m. iO) oo caine eae ee eens . 
E., 165.8 miles. 500 _ 
H.6170 | Pachena Pt. Lt., N. 76° 15'| P.S. #9 |...do..... 9.15 p.m. Ol. | satis eles eee i 
E., 160.8 miles. 500 ' 
H.6171 | Pachena Pt. Lt., N. 76° 15’ | P.S. #9 |...do..... 10.05 p.m. 1,410 | bn. M., For....... 
E., 156.3 miles. F 
6172) |\\Pachena Pt.t,, N= 76° 15! )| PS.) eo dole 11.05 p.m. 0.25 doch P 
E., 151.3 miles. 5 4 
H.6173 | Pachena Pt. Lt., N. 76° 15’.| P.S. #9 |...do..... 11.54 p.m Oo losewincceeee eee 


E., 146.4 miles. f miy 500 ‘ 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 AND 1915—Continued. 


Trial. 


Remarks. 
Dura- 


Depth. tion. 


Direction. 


yh Ot] TB iid lead. 


ene DIESs (Ma saseees [osswoua line: One el oa 


rod. 
MBuCHsars SOs. 32 eS} seek A ate ees otto aaeee 
lead. 


rt eer aaa ad; Slee, Dee Fl eA An 


rod. 
SAW Tue*sdrs730-lba | 08 aS ee 
lead. 


mAb 5. He sees Ses: ys: Wl ake t 


rod. 

Beer Muessdrss 30-Jbe |e ire eee 
lead. 

sey A HueasdreiSigss |e ese ee cee ee 


rod. 
pee UCISAL.“SO-lse a4. 2 oS A ts 
lead. 


rod. 
WUCASAT sSO-1D: |= soos osee le ees 
lead. 


sepa TUersdr.Sisss | koe sal see 


Itessdnt, sS8igs, |t ceo que. 


rod. 
WNC SAT. s30-1D. 122-26 case 
lead. 


UG JSOr Sigs aliocos ee 


rod. 
Lue.sdr.;30-Ib.|....25... 
lead. | 


Pees © 9) ee ee ee 


es ee 


rod. 
MOL SOrs*G0-1D. | wone was ok eb elidoaiaos a are oon 
lead. 
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Station 
num- 
ber. 


U. S. BUREAU OF FISHERIES. 


DREDGING AND HyprRoarRaApPHIC RECORDS SECURED DuRING HALIBUT 


Position. 


Chart. 


76° 15! 
76° 15’ 
76° 15’ 
76° 15/ 
76° 15! 
76° 15’ 
76° E., 
76° E., 
76° E., 
76° E., 
(ike Bip 
76° E., 
75° 50’ 
75° 50’ 
78° E., 
80° E., 
82° 45’ 
85° E., 


Pachena Pt. Lt., N. 
E., 141.5 miles. 
Pachena PEt NG 
E., 136.8 miles. 
Pachena Pt. Lt., N. 
E., 131.7 miles. 
Pachena Pt. Lt., N. 
E., 126.9 miles. 
Pachena Pei Ni: 
E., 122.1 miles. 
Pachena IP Teetee ON 
E., 117.3 miles. 
Pachena Pt. Lt., N. 
112.5 miles. 
Pachena Pt. Lt., N. 
107.8 miles. 
Pachena Pt. Lt., N. 
102.8 miles. 
Pachena Pt. Lt., N. 
98 miles. 
Pachena Pt. Lt., N. 
93.2 miles. 
Pachena Pt. Lt., N. 
88.2 miles. 
Pachena Pt. Lt., N. 
E., 83.3 miles. 
Pachena Pt. Lt., N. 
E., 78.4 miles. 
Pachena Pt. Lt., N. 
74 miles 
Pachena Pt. Lt., N. 
69.8 miles. 
Pachena Pt. Lt., N. 
E., 65.6 miles. 
Pachena Pt. Lt., N. 
61.7 miles. 
Pachena Pt. Lt., N. 88° 15’ 
E., 58 miles. 
Pachena Pt. Lt., N. 88° 30’ 
E., 54.2 miles. 


Cape Shoalwater Lt., N. 66° 
-, 20.8 miles. 

Cape Shoalwater Lt., N. 68° 
+, 21.5 miles. 

Ca @ Shoalwater Lt., N. 70° 
» 22.4 miles. 

Cape cee Lt., N. 71° 
23.4 miles. 

Cape Shoalwater Lt., N. 724° 
-, 24.3 miles. 

Ca @ Shoalwater Lt., N. 74° 
-, 25 miles. 

Ca @ Shoalwater Lt., N. 76° 
-, 24 miles. 

Cape Shoalwater Lt., N. 78° 
» 24.3 miles. 

Cape Shoalw ater Lt., N. 804° 
24.1 miles. 

Cape Shoalwater Lt., N. 83° 
+) 23.9 miles. 

Cay @ Shoalwater Lt., N. 85° 
., 23.8 miles. 

Cay ° Shoalwater Lt., N. 86° 
, 24.7 miles 

oe Shoalwater Lt., N. 864° 
25.7 miles. 

Ca 8 Shoalwater Lt., N. 87° 
-, 26.7 miles. 

Ca 8 Shoalwater Lt., N. 88° 
» 27.5 miles. 

Cape Shoalwater Lt., N. 884° 
28.5 miles. 

Ca } Shoalwater Lt., N. 89° 
, 29.5 miles. 

caeehs Shoalwater Lt., N. 894° 

4 miles. 


SESsEBsEsEEBEsEEBEsEBsEsE EEE SE 


Date. ma Depth. 
1915. Fms. 
Aug. 17 | 12.444. m. 0_ 
500 
GOrs 20 1.34 a. m. 0 
500 
wedOsecas 2.22. a. m. 1, 430 
weGOnesse 3.33 a.m. we 
500 
S.dosss: 4.29 a. m. 0 
500 
wsGoress: 5.16 a. m. O 
500 
SedOs 2552 6.03 a. m. 0_ 
500 
=COsseee 6.50 a. m. 1,439 
PadOueses 7.59 a. m. OL 
500 
pedol= ce 8.51 a.m. 0_ 
500 
eAdOse sn. 9.40 a. m. 0. 
500 
S F200 52s 10.27 a. m. 0" 
500 
eedO: sees 11.13 a. m. 1, 432 
=e d0se—e" 12.21 p.m. 0 
500 
eee Ocaee 1.22 p.m. 0 
500 
seed Osenee 2.11 p.m. 0_ 
500 
ecGOseces 2.59 p.m. O_ 
500 
seedOsn me 3.48 p.m. 705 
poet Omee 4.38 p.m. 300 
seedOtesme 5.24 p.m. 180 
Sept. 4 | 10.42 a.m. 169 
SeOnsses 11.02 a. m. 207 
pee Oseeee 11.19 a. m. 191 
2300. 11.35 a. m. 177 
Soc Msoc8 11.53 a. m. 133 
Sactt Gods 12.08 p.m m0; 
300 
see GOlccen 12.35 p.m. 284 
Ses Oscnec 12.57 p.m 268 
eed Oreos 1.19 p.m 167 
ResdOlese.: 1.38 p.m 97 
med Oeeeters 1.54 p.m 87 
YasdOsacae 2.11 p.m 90 
Sac6 es 05 2.26 p.m 94 
ee Qnsaee 2.42 p.m 1363 
s.0Q: see 2.59 p.m 109 
se GOs 3.16 p.m 1224 
idovsten 3.32 p.m 1364 
ee On acer 3.49 p.m 194 


Character of 
bottom. 


INO EVeiSeee eee 


ene Mee eeoeee ASE 
gn. M.,fne. bk.S.. 
gn. M., ine. gy.S... 
fne.gn.S.,gn.M... 


fne. gn.S., gn. M., 
ers. bk. S. 
fe gn.8.,érs. bk. 


fne. gn.S..... come 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 anp 1915—Continued. 


Temperature. Salinity. Trial. Drift. 
Apparatus. 5 g 
Al | Surf. | Botm Depth. | gan | Direction. é 
A 5 o « 
</an]|A = 
i! el ie! OP Via oA Min. Mi. 
Uy rc oe ee ee a eee GTA oF SON er. ete | oe cen ae otetatere ws ot oma 
lb. lead. 
UT fae ee) (= See SO bee ee |e! |e a Ge et tcse emacs alec caans a[mmnmte coe ns - (SASS 
PEM ROSY (etna loc cies as] oes acts PMGISA Digs eae cose | csrcce.s alton ree woe ees 
rod. 
TOMES | See S| [2 So! | WAGsSAT:s S0-1Ds|haae eos s| ins cl seneeatceee el eee 
lead. 
Pel Os loate ss] os cao les 22 ctl oock OS co cote sete eee Secs [oeeecaces al ewetee 
61 Be Wea aloe cee] aaa wate Slee ae 2 GO soe ec Pa eae ee toe l am oc nels ae Sate | eee 
CTI P's 2) ee et | | se GOS seen econo soe see concession eee aoe 
Clie! PRR Ee ae ae ee PueGssdr-s | Sigss 125: See] 2.205. <|hease ees eee. 
rod. ; 
CN) | ds. || Sa el ee ee MLGGssdT: SOD 5-52 foot | asa a2 eee ee oe | tees 
lead. 
BS ee DO Maes olsen ec sel hin sce cllSecce Gs <20t See ee PS Sas Sapton soca cae | aetna 
CPt) Te [een (OS eee | May | Se (6 Lo Pie Sess | (eee EE | ee ee [coe Oe ee as 
Pad fd) eS ear eee |S Oe ee a saNe San soul See cerca [eee 
Git) JP Rel Sa Lae ees |e UC Sars: Sigss | 2)- Saeee ho 25 5 a ae ee eee 
rod. 
Opin Ss pl ee ey Eno) edrss0-tbsl.. ff 9s | 2. ee ee et 
lead. 
OA Deel ttn) fomere aos soul aca (6 TO eee Nee at of <r Poets) (at tee Pete nad eA 
eof el RS Ie ae | | ee Or ee cA) 5 Se hes cca Se et | Saeed 
oA) SEH 2 es ER a I Cc (eter (ee 8 9 Ieee ete ete kd 
UN GT Pa ee ee Mucssdr:s/Sipgss|s2 21 S02 | Sse 2 sss eae eae el seas 
rod, 
V3 Jo) eg, See ie Dei Sel ea uessdr-sS0-Lba os, Sates sos el oe eewce onan [aut 
lead. 
et eich = Se ae ee | (eee, (= ee oc (Che Reise Apel Had eta Rete tee Sete ees Bebe ree 
2) seh Be eee Eee LE SAT 3480-1 Di | Sear macs Sesimecultecicnecccch cleaeee 
ead. 
Oe |) GG PR ASE SS ees a ee ee Co te ep ee |S oe pe) [es (ie ee ee (ee 
GS) TEA 2 ae Se Fy rel ee GOs ae a1 ccl| Bion on ee fecddiewalanese ten eee 
CSO) tay) bea aS eae a ee eel eee GOs eo iiic'a min aS ccdaeea Ss cas elas cwemectons| sae 
|W WS et ee Se | dezet as). < sch bone nese scetl teens eee ees |S aene 
| MM Eee ae ee | BREE ge ae bee GO iio a'0's o's |S Sa Sewies | Sow sce alae esscetess| eee 
SCM GT egal (Sh a) rae eee GOs hieas2.25| co meetee alas caren | apne ere sere aaa 
Cd EL) a be a ee ( GOES os. i Soseenesa paecemal tee eee ne aoe 
Gi ta Aes eed eee G0. .% «5.5.2 |S asceeenel ges se ealeae seiecles oes] sees 
Ce] | CLE [EARS IS eas | Ee | (ee C6 le ee Se (RC A ee] CeCe re eee enone 
CUS UTM [een PR a ME reas (EB a GO, 5.0 oo.0:5:0re| Se elena ae Aa aoe emis deal sods 
Cov | gh ae ae | (ees Peete COS saeh . 5 << ane eee | metnre ate oll Gnicierm nne'a areretallg arena 
VE 9308) [OE ee RS Tee eee 0 eibbere GO lst ..:<. | eee eben re eee hae n | aes 
10) | Mula, ol (a aa aE ek (ESI ee [rage GGUS. ! 222) |Subeeeeat sees ccd se ata cacnessloseies 
aMBOOU accel aeay oh slace she sles ae A oe a sian 3| SNE eS etalcll a atclatalejeis'aie eo | o2uae er 
CPS] Aneel aed oa il ee aa (Ce aa GOs 5 3.<:c.2'| SOEs tet = Uf aeesee cw oece) ease 
if SEticel (Sea | S| PR oe GOs choc 6 cuca teeetnee Sal te sate NG cc, 0:0 nota e << ee 
TOO) ol Ee (a es ee Pe GD pe Sao] eins, = Sil FE ee i Lise 
| 
{ 
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U. S. BUREAU OF FISHERIES. 


DrepGina AND HyprogRrapHic Rrecorps Securep During Hauisur 


Station 
pum- 
ber. 


H. 6212 
H. 6213 
H. 6214 
H. 6215 
H. 6216 
H. 6217 
H. 6218 
H. 6219 
H. 6220 
H. 6221 
H. 6222 
H. 6223 
H. 6224 
H. 6225 
H. 6226 
H. 6227 
H. 6228 
H. 6229 
H. 6230 
H. 6231 
H. 6232 
H. 6233 
H. 6234 
H. 6235 
H. 6236 
H. 6237 
H. 6238 
H. 6239 
H. 6240 
H. 6241 
H. 6242 
H. 6243 
H. 6244 
H. 6245 
H. 6246 
H. 6247 
H. 6248 


Position. 


Cape Shoalwater Lt., N. 894° 
, 31.3 miles. 
Cape Shoalwater Lt., E., 
32.3 miles. 
ae Shoalwater Lt., S. 894° 
33.2 miles. 
cee Pioaly abet Lt., S. 894° 
32.2 Mm. 
Cape sroniwatle Lt., S. 884° 
E., 31.2 miles. 
~ choalwater Lt., 8. 879° 
30.3 miles. 
Cape Shoalwater Lt., S. 87° 
E., 29.4 miles. 
Cape Shoalwater Lt., S. 864° 
, 28.5miles. . 
Cape Shoalwater Lt., S. 85° 
E., 27 miles. 
Cape Shoalwater Lt., N. 77° 
E., 23.7 miles. 
Cape Shoalwater Lt., N. 733° 
, 23.1 miles. 
Tillamook Head Lt., S. 49° 
E., 15.5 miles. 
Tillamook Head Lt., S. 564° 
E., 15.3 miles. 
Tillamook Head Lt., S. 65° 
E., 15.5 miles. 
Tillamook Head Lt., S. 723° 
E., 15.8 miles. 
Tillamook Head Lt., S. 80° 
E., 16.5 miles. 
Tillamook Head Lt., S. 87° 
E., 17.5 miles. 
Tillamook Head Lt., S. 823° 
E., 17.2 miles. 
Tillamook Head Lt., S. 78° 
E., 16.9 miles. 
Tillamook Head Lt., S. 723° 
E., 16.8 miles. 
Tillamook Head Lt., S. 684° 
E., 16.8 miles. 
Tillamook Head 1D; rep tS oe Se 
E., 16.9 miles. 
Tillamook Head Lt., S. 633° 
E., 18 miles. 
Tillamook Head Lt., S. 603° 
E., 18.4 miles. 
Tillamook Head Lt., S. 584° 
E., 18.8 miles. 
Tillamook Head Lt. Sy por> 
E., 19.4 miles. 
Tillamook Head ID} ing S58 
E., 19.8 miles. 
Tillamook Head Iit., S:59° 
E., 19.5 miles. 
Tillamook Head Lt., S. 613° 
E., 19.5 miles. 
Tillamook Head Lt. +» 9. G4K° 
E., 19.5 miles. 
Tillamook Head Lt., S. 674° 
E., 19.5 miles. 
Tillamook Head SOAS Birdie 
E., 19.6 miles. 
Tillamook Head L Biss (ee 
E., 19.7 miles. 
Tillamook Head LE ASS WC tshe 
E., 20.2 miles. 
Tillamook Head Lt., S. 86° 
E., 21.2 miles. 
Tillamook Head Lt., S. 814° 
E., 21.9 miles. 
Tillamook Head Lt., S. 77° 
E., 22.6 miles. 


Chart. 


Date mane of Depth. 
1915, Fms. 
Sept. 4] 4.07 p.m. 219 
ao GOen ec 4,26 p.m. 247 
Pdowete 4.45 p.m. HOS 
300 
vaidossaas 5.11 p.m. 261 
med Osses2 5.31 p.m. 202 
Batok Sanc 5.48 p.m. 149 
widouet 6.07 p.m. 1113 
ed ozeees 6.23 p.m. 98 
Be(sloysshe.4 6.39 p.m. 92 
SACO Same 8.20 p.m. 143 
Ose n= 8.42 p.m. 232 
Sept. 5] 6.01.a.m. 68 
.-do..-..| 6.28 a.m. 72 
Jed Oreeye 6.51 a.m. 77 
AEC 0 Sa 7.10 a. m. 79 
SEG} sas 7.28 a. m. 82 
BudOs=ses 7.53 &. mM. 82 
eG Osnenrs 8.13 a.m. 82 
2.dot 8.28 a. m. 82 
se@Osenes 8.43 a.m. 81 
Ddosnee 8.58 a. m. 78 
AG Onasee 9.14a.m. 77 
= Oese 1.55 p.m. 2 
vedoreess 2.16 p.m. 71 
fd Otoces 2.30 p.m. 704 
BCs Kasse 2.46 p.m. 69 
edOzees 3.01 p.m. 68 
WEdouese 3.28 p.m. | 703 
Cola ean 3.43 p.m. 72 
Se Osaes - 3.57 p.m. 73 
Bro Ko eee 4.10 p.m. 70 
U-dONsoae 4.24 p.m. 75 
SeOOveaas 4.37 p.m. 78 
eed Oseeue 5.01 p.m. 78 
ssdOscene 5.35 p.m. 86 
REG (oye A 6.10 p.m. 86 
EeOOLeecr 6.45 p.m. 84 


Character of 
bottom. 


eee eee ee 


on. Mice se eeenecta os 


| 
| 
| 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 AND 1915—Continued. 


Temperature, 


Air. 


3 Gy 


61 


SBBeseseseseesesBBBBBR BE 


& 


Salinity. 


Trial. 


Apparatus. 


Dura- 


Depth. tion, 


Drift. 


Direction. 


See eee ey 


See ee eed ee) 


Ss eee ee ee 


Remarks. 


Pe SR sg Oia [etwas ant eine ol Aare .-| Clean lead. 


134 U. 8. BUREAU OF FISHERIES. 


DREDGING AND HypRoGRAPHIC RECORDS SECURED Durine HAttsut 


Station : 
i are Time of Character of 
rg Position. Chart. Date. day. Depth. botious 
CS 1915. Fms. 
H. 6249 Tee pet tests 6100 | Sept. 5 | 7.02p.m. 84 | gn.M.,fne.gy.S.. 
miles 
H.6250 | Tillamook Head tS Se 73° 6100)|22-doz---- 7.18 p.m. LY Gamal |e GOs. seo esece eee 
E., 23.5 miles. 
H. 6251 Tillamook Head Lt., S. 71° 6100 |...do.....| 7.35 p.m. 81< "250d Olesen ee eee oe 
E., 24.1 miles. : 
H. 6252 | Tillamook Head Lt., S. 674° 6100 |...do.....| 8.03 p.m. 81 | pran’shleeeeesee 
E., 25.2 miles. 
H. 6253 | Tillamook Head Lt., S. 64° 6100 |...do.....] 8.31 p.m. 88 | gn.M.,fne.gy.S.. 
E., 26.3 miles. 
H. 6254 | Tillamook Head Lt. , 5. 614° 6100 |...do.....| 9.00 p.m. 93) || sc sactasseceeeeeener 
E., 27.5 miles. : 
H.6255 | Tillamook Head Lt., S. 60° 6100 |...do.....} 9.18 p.m. 95 | gn.M.,fne.gy.S... 
K., 28.1 miles. 
H. 6256 | Tillamook Head Lt., S. 59° 6100 |...do.....| 9.36 p.m. LOU | bees G0: veceeeeee 
E., 28.7 miles. 
H.6257 | Tillamook Head Lt., S. 573° 6100 |...do.....) 9.54 p.m. 224 |....- dOLs. 32 252406 
E., 29.4 miles. 
H.6258 | Tillamook Head ti Ss205° 6100 |...do.....] 10.33 p.m. 0. -|.5. 055 0ceee eee 
E., 27.6 miles. 285 
H. 6259 | Tillamook Head te Shro2o 6100 |...do..... 11.06 p.m. 98°") pI Mic Shie.2- eee 
E., 25.9 miles. 
H.6260 | Tillamook Head t:, S: 51° 6100 }...do.....] 11.23 p.m. 81. || blishlSeeses-eee eee 
E., 25 miles. 
H.6261 | Tillamook Head Lt., S. 69° 6100 | Sept. 6] 7.26 a.m. 87 | gn.M.,fne.gy.S.. 
E., 26.5 miles. 
H. 6262 | Tillamook Head te S.c0e 6100 |...do.....] 7.42a.m. fey eae ae see Ge eesaeie > sce 
E., 27.4 miles. 
H. 6263 | Tillamook Head ty Sols: 6100 |...do.....} 8.04 a.m. 106 | bl.M.,gran.Shl.... 
E., 28.2 miles. 
H. 6264 Bae ztbed Lt., S. 723° 6100 |...do.....} 8.21 a.m. 119 | gn.M.,fne.gn.S... 
miles 
H.6265 | Tillamook Head les ts YE 6100 |...do.....| 8.38 a.m. 130 | gn.M.,fne.gy.S... 
E., 29.9 miles. 
H.6266 | Tillamook Head Et:, S: 75° 6100 }...do.....] 9.56 a.m. S68 Seas GOs eee 
E., 30.8 miles. 
H.6267 | Tillamook Head Lt., S. 77° 6100 |...do.....] 9.31 a.m. 118) Gosses CC RAR 
E., 28.8 miles. 
H.6268 | Tillamook Head Lt., S. 773° 6100 |...do.....] 9.47.a.m. 1100n|2ac5 dOs-cgaccceeene 
E., 27.7 miles. 
H. 6269 Tillamook Head Lt., S. 784° 6100 |...do.....| 10.03 a. m. 104 | ne: gy. Ses. scene 
E., 26.8 miles. 
H.6270 | Tillamook Head Lt., S. 794° 6100 |...do.....| 10.19 a, m. 98 | gn.M.,fne.bk.S... 
E., 25.8 miles. 
H.6271 Tillamook Head Lt., S. 804° 6100" |222do2----| 10:35;asme 85 | fne. bk. S., gran. 
E., 24.9 miles. Shl 
H. 6272 | Tillamook Head ts. S.2 83° 6100 |...do.....} 11.06 a. m. 108 | gn. 7 ,ine.gy.S... 
E., 26.4 miles. 
H.6273 | Tillamook Head Lt., S. 844° 6100)? dose. 11.23 a. m. OER | eoeee dOsseses seater 
E., 27.3 miles. 
H.6274 | Tillamook Head Lt., S. 85° 6100 |...do..... 11.40 a. m. 128). |. .ssch oem eects aces 
E., 28.2 miles. 
H. 6275 Tillamook Head Lt., S. 86° 6100 |...do.....] 11.57 a. m. 214 gn. M2 oneeniseeee 
E., 29 miles. 
H. 6276 Fue Hood Lt.,S.874° 6100 |...do..... 12.42p.m. 117 | gn.M.,fne. bk.S.. 
mniles 
H. 6277 | Tillamook Head Lt., S. 88° 6100 |...do..... 1.00 p.m. 1 ees Osi eseeeee 
E., 26.3 miles. 
H. 6278 Tillamook Head Lt., S. 88° 6100 |...do..... 1.16 p.m. 86% | gran. Shl.........-. 
E., 25.4 miles. 
H. 6279 Tillamook Head Lt., E., 6100 |...do.....] 1.39 p.m. 108 | fne. gy. S8., bl. M.- 
H. 6280 | Tillamook Head Lt., N. 89° 6100 |...do..... 1.57 p.m. IQ eee do. 223. oceeee 
E., 26.8 miles. 
H. 6281 | Tillamook Head Lt., N. 873° 6100 |...do..... 2.13 p.m. 119 | gn.M.,fne. bk.S.. 
E., 27.7 miles. 
H. 6282 | Tillamook Head Lt., N. 86° 61001/52.do:2e-8 2.31 p.m. 134 | gn.M.,fne. gy.S.. 
E., 28.4 miles. 
H. 6283 | Tillamook Head Lt., N. 85° 6100 |...do..... 2.48 p.m. 1S eee dow cactucunee 
E., 29.2miles. 
H. 6284 Tillamook Hed Lt., N. 84° 6100))|2-2 do 25.5 3.23 p.m. 113°) ineigy.Sseceeeeee 
4 miles 
H. 6285 Tillamook Head Lt., N. 83° 6100 |...do..... 3.40 p.m. 104 | fne: G.. ... sconces 
KE. , 26.4 miles. 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 anv 1915—Continued. 


Temperature. Salinity. Trial. Drift. 
Apparatus. e 
| a | & | Surt. | Botm. Depth. | PUT8| Direction. | 3 
<|a| 4 bse 
ie ST A RS Min. Mi. 
0 (G0 Soe SoS ee ee WEGaris BON Dale ssc os cane) anecesecccce|seeee 
lead. 
BU MROGH eS os Ne. Sotee ac oc 3 a| Sees GOs secs sc felentcae aes lek adanrel wae sutactelnw os lattees 
GON AOOHeeeocellcr wcct las ceseclsceee GO sen'e< seve esos sees. Hiecierwioe| Seer aeetapiae sl setae 
BON Mee a eels be wnies| ot wosciclecede GOs eee acta Se case Hab Lissa me oditoh naa ase 
ist Gl RR Se HOR a oT age Po. emer br 
| ean ote Sea Seo lh Se 5 (Rae rays | PAE on A losreecelbsocatbelenooihasce 
He) Bes Pee eee EB DOR esse hese: | ca based | NemaeeR Eee ees 
‘0 Ba eee Se a HOA esses et | ee eee Ey 
go Wal BS i OE (ee ee OU Be acetone Per sear Be Be Sree ce mace e| 
(12 EERE eee Rear ee 7 ety eee te Mea a sede 
2) 2S Goss Bee ae ee ea fo (oy a | ra eae (een (EL A a a 
2.60 5oS0) Be eel Ae Pe Ae CO 605544] Kesoecse4 Bucoscc| Sabenrsaced4| sance 
2) | [a Ease eed Ree ee Os. Seti We se cee w el ee wson | boats Se eatin seer 
Ua POAN Pe cece! Oeek calc ware c UPR GON sere crete |e tovacterateee leave rere [serge baleen lee 
Ch) NS) Sees Cee ee eee Pa Bs GOe Se see Sooo e leetlelscleserot eee sal eee 
(Ci) |e Gs) Qos Ae one es ee Pee ae OOls.s sence Sones | scrote Po ee wee osaee seen 
See ee ao cesd ReaeeSH Eee) CREE Ose: tacos eee iota bo dete bee sees 
CP Ey ae (| eb Oo on eee ener ee ene eceeee cme eee on eecee 
il GEE Da be a oe se etter ese lee se eee ne ae 
DI li) a f sccsedlseeei Osteen ete aa Gee sas eawclass cose s neaen 
Gal TOk) erase leas c|e cess loess Arete secre sactce | eitioa- |p Somer ice esl cae 
Beet | piniecmee| costa. c|so2kz Seles ee OS as oo nec bet tuetae| saison lbeecessc ccecloemee 
OTP 12, | ae pe de P| GO Frese seal scm aes oe enemas Setsite eee we eee 
(ios EEE | eae ek al De ea DOs soe 2: in| sahenlspod|steade oc |ebteescnieteslacoer 
Gri ede! 2 be a eR Ba ted (Mi ot (Ae Se ne Stil | AGA SaanEe GS ae 
Viel [iat 34 Eee RoE | ee Oe Oe sis saciecl caeeiciacis|=slaecen | smaneenem en a seee 
OAS MOON Cotter sae c|steses| snes (RR SOnR eae do secodl Popoene Haciecko te bel eae: 
CE 1) A beri ees A Os? 2.00. dt|Beenesa | Besse eee ece ck oss leseae 
(el gl lee cece AD Pee el Me S00 e235 2 fale eee ae deel see es hs | a tas 
M3 a (ee 2 Ot Deen ie BOs no - cc cel eee ide | etenied|estceai ctscincel oe'uige 
Foun OOM escr el sons. sssces. J] ashe Oras acsee lanse BE GBH beacitracl Scare ie eee! 
Cai Us, | ee ea ee Dee eel [e-45- oS eee been A el Bere 
RE) Ore eee Sc [cee bel eb oe Of) Bee |= A) eel bolo eee Bee ee 
(Ly || ata alee ae A ey (URS 8 Ieee a ae] be I PRR 
GEE LES BESS |a AL ER! |e oe Wat COU. 2 tone eens (ss oe sale as = aa | See 
Te eet | ae a[ coals ute Ee re ehag ts . 2 8 ele al Rae |S ne bi 
i} Nas ll | eee oe a [ae La O55 feos seal eae c sal anc. <5] as a0 oes ebe ofneeren 


Remarks, 


No sample. 


Chronometers were 
set back after 
sounding H. 6266 
was made. 


Clean lead. 
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H. 6308 
H. 6309 
H. 6310 
H. 6311 
H. 6312 
H. 6313 
H. 6314 
H.6315 
H. 6316 
H. 6317 
H.6318 
H. 6319 
H. 6320 
H. 6321 
H. 6322 
H.. 6323 


U. S. BUREAU OF FISHERIES. 


DREDGING AND HyprocrapHic Recorps Securep Durine HALiButT 


E., 30.5 miles, 


Position. Chart. Date tae Depth meet of 
C28. 1915. Fms. ’ 
Tillamook Head Lt., N. 823° 6100 | Sept. 6 | 3.56 p.m 97 | bl. M.,fne. gn.S-.- 
E., 25.4 miles. 
Tillamook Head Lt., N. 82° 6LOON|; vados..- 4.12 p.m 94 | gran. Shl., fne. gy. 
E., 24.4 miles. Ss. 
Tillamook Head Lt., N. 81° GLOOM Ee dosseee 4.29 p.m 79. || rky: Ga Seaoeeeee 
E., 23.4 miles. 
Tillamook Head Lt., N. 80° 6100 |...do...2. 5.04 p.m 97, fnesgy. Basses 
E., 25.8 miles. 
Tillamook Head Lt., N. 80° 6100 |...do..... 5.20 p.m 104 |... cee eee 
E., 26.8 miles. 
TuleenCr, Head Lt., N. 794° GLOOR|E2-dos-ee- 5.37 p.m 116 | bl. M.,fne. gy.S.. 
28 miles 
Tillamook Head Dire IN ey ehe 6100) SeAdoreeee 5.54 p.m 132 | fne. bk. S., gran. 
E., 29.1 miles. Shl. 
Tillamook sean Lt., N. 79° 6100)|-22002-22- 6.11 p.m 165 | fne. bk. S.,gn.M.. 
mile 
Tillamook Head it. Neadidin 6100) Bo -doscee= 6.44 p.m 125 | fne. bk. S., gran. 
E., 28.5 miles. Shl. 
Tillamook Head bs) Nei 76% 6100 |...do..... 7.02 p.m 1173 | fne. gy. S., gn. M., 
E., 27.6 miles. gran. Shi. 
Tillamook Head EIN rie 6100) |e. 2do....- 7.20 p.m 104 | gn. M.,fne. gy. S.. 
E., 26.6 miles. 
Tillamook Head Lt., N. 734° G100N ee 2doeesas 7.38 p.m 944 | ine. Dk Se eseetmes 
E., 25.6 miles. 
Tillamook Head iis INIBTEE 6100 |=..do...- - 7.56 p.m 93° || gy. Moos eeeee eee 
E., 24.7 miles. 
Tillamook Head Dts, IN. wile 6100 |...do..... 8.12 p.m 94 | gn. M.,fne. gn.S.. 
E., 23.8 miles. 
Tillamook Head Lt., N. 69° 6100)|5--doL-..- | 8.32 p.m 90. |. ...8 2c See 
E., 22.9 miles. 
Tillamook Head Wir NEVE 6100 |...do..... 8.49 p.m 89 | gn. M.,fne. bk.S.. 
E., 22 miles. 
Tillamook Head Lt., N. 683° 6100 | Sept. 7 | 7.48a.m. 98 sl zeae do. s2s.e cee 
E., 23.1 miles. 
Tillamook Head Lt., N. 683° 6100 |...do....-. 8.09 a.m. 96: |) ine:/gn.Sele-ssaeete 
K., 24.2 miles. 
Tillamook Head Lt., N. 683° 6100 |-=-do--..- 8.25 a.m. 102 | fne. bk. S.7.-..-.- 
E., 25.1 miles. 
Tillamook Head Lt., N. 684° GLO0}|paedoteeee 8.42 a.m. 118° | ene Me eeeeeeeeee 
E., 26.2 miles. 
Tillamook Head Lt., N. 68° G100)|beedoroee. 8.58 a. m. #28 | ine. bi Sae-cesee- 
E., 27.4 miles. 
Tillamook Head Lt., N. 68° 6100) |Eerdo.e2: 9.15 a. m. W45 oie GO! ce dete acer 
E., 28.4 miles. 
Tillamook Head Lt., N. 68° 6100))|22d0:-2e- 9.32 a. m. 175 | gn.M.,fne.gy.S... 
E., 29.4 miles. 
Tillamook Head Lt., N. 663° 6100 /22-doLe22- 10.08 a. m. 130° | ne. DE: Seasesseees 
E., 28 miles, 
Tillamook Head Lt., N. 653° 61005 |2-4d0=-eee 10.27 a. m. 120 | gn.M.,fne.gn.S... 
E., 27.4 miles. 
Tillamook Head Lt., N. 644° 6100) |S--dossee. 10.44 a. m. 111 | gn.M.,fne.bk.S.-. 
E., 26.6 miles. 
Tillamook Head Lt., N. 633° 6100 |..-do--..- 11.01 a. m. Oa eee do... aleGeeee 
E., 25.8 miles. 
Tillamook Head Lt., N. 624° 6100 E=-doseeee 11.18 a. m. 108 o|eeeee dO: Ss wsenedeaee 
E., 25.3 miles. 
Tillamook Head Lt., N. 61° 6100) /222dolto2! 11.36 a. m. 103 | pm aM eee 
E., 24.5 miles. 
Tillamook Head Lt., N. 60° 6100 }...do.....} 11.52 a. m. 99! Ju s2e8 do.--: set eseese 
E., 23.8 miles. 
Tillamook Head Lt., N. 584° 6100 |...do...-.. 12.09 p.m. O5i ieee 0s -enee eee 
E., 23.1 miles. 
Tillamook Head Lt., N. 584° 6100 |...do..... 12.42 p.m OOF ince GO. aaen eee 
E., 24.2 miles. 
Tillamook Head Lt., N. 584° 6100 doles 12.58 p.m 104 | gn.M.,fne.gy.S... 
E., 25.2 miles. 
Tillamook Head Lt., N. 584° 6100 |...do..... 1.14 p.m 104 | gn.M.,fne.gn.S... 
E., 26.2 miles. 
Tillamook Head Lt., N. 583° 6100)|--do--=-- 1.30 p.m 106 | gn.M.,fine.gy.S... 
E., 27.4 miles. 
Tillamook Head Lt., N. 59° 6100 |...do.-... 1.47 p.m 111. | ‘thes gy. S?seeecees 
¥., 28.3 miles. 
Tillamook Head Lt., N. 59° 6100 col ops 2.04 p.m L117" ine! bE. Si <cesceeas 
E., 29.5 miles. 
Tillamook Head Lt., N. 59° 6100 |...do..... 2.21 p.m 128 | gn.M.,fne.bk.S-.. 
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INVESTIGATIONS OFF OREGON-WasHINGTON Coasts, 1914 AND 1915—Continued. 


| Temperature. Salinity. Trial. Drift. 
Apparatus. g Remarks. 
Wes g Surf. | Botm. Depth. eee Direction. EI 
0) |e ee Nag . Min. Mi. 
ST 1s fl ERS ee be ISSA OO Der ass eee | etcetera flaca ects aac] Gee 
| SS) ee | ee Re + Sg Ae One? aa ere ry 
66!) S56) H.5. | 4 eee Ee je eee 2 (0) SS es eae | DA ee ere Me Rae Tee ee 
66 | 56}...... | Seeiaates| aes ta site (3 (0 Ree eee ee aS | ee (eros ee Pe 
CNG aie ae | we Pe | tee cba Se uae is NY | Sie D224 | Meare eet Sesh os Se Oe Clean lead. 
64) 56]...... | oe | eee as Lae GOs sleet bens BESS codec aeececratepaeee 
| i BA Oso ee cee! ed a (cee ford Oe sc ct ee hres ee ais ort nll ere eaeta ete 
Reka yHODsbeerectes 2 See |2.. SRE MLO a Ss te Saale sents | roreine ne ERRNO ease ete 
VCE Re ee RO RO | pea (i AE | 8 
Uv 32 | be EAE) hs Ba en Te (3 (oes epee || 2 2s et | eR ea er 4 ae 
LEY 77 IRE (PS | a (a GO Sacer eee oc -aeel a once aoe ales 
ae) | a a Ot. $52 eee se tes | Sec lt euteooe Saceal cele 
LEAT) | Re 3 bo Pe (2 (0 Se Berner (eee Pano | ae | ent Dae re | aie On 
ETE gD 3325.02 | 2 ea lane a ha A O28. 3d Al ewocesalle seek steels soko 
AU onde ces. 2 | pete gtk IS (aoe geet! | Seed», 2 Ue wes | A Sis My 3 NS Be Do. 
Bia heyooy) 2b 2) 524 Sed lesed ae a as SN ce A eee 
pean) ssema| ne Sac a Bree Ae | Se tae (oe eee | Pees fat 2) amie ete eee are eels 2 
TOM SGS 5 ae Re 2 aie Seb Bs (51) we ee | © 85a Ener artes mes en 8 ES, 
56 | 53|...... | wh ah ise © NS ak, 2 Nl ce Soh A Bie ie Ree 
ey eS 52.4) RS Oe iar el |= a OE Se steile a5 EAS ot eal eae 2 age oe | Mend 
7! MI [Soames 08 a Co ft onan LR ee) 4 A eg ial (Min Lala 3 ey rd Pe AP 
GIES) RSs | at ae ee De We Pe Goes , Wye REA ok oll so tee ed 
Ly eos ee ee ee | Sy oe | Ue (3 (eee ieee! | Re RS yop Dae | yp (AMR aS PS 
17 Al P95 ey bea | Be ich cM aee Gt a5 ee ene = ec eeiralh ota e See elas 
RO oar shee ea. Seals GOs is. 22 ABS -a eel ate lee easemonisete haat 
BLiNeoeis.o¥. 138.) 2. | peeere tol) eee Gt 5 5...waglesss Salo ee seco socee ees 
CIM [67's oe) eS a | Eee re Oe 2 5 «oxida pases eee sn sees {ps Sidhe StS mest rokerot 
63/0 (645.22. Toe Boe oe PO Oe (os ee | epee 0. NR Si | ces eee oe 
(2 ae Ioan Cee, 2 eee 1. (Gb me > ERR 8. eee gre SA on Sar) bers 2 oe 
i I eee el eee 328 | be ed rc fo oe ee yt | geil a i at eS Rs 
Vi) i) [oan aee een era GOs SESE! SAN RAR ieee ease ie 8 Re a 
Ss A ced fevers <1 ede [UE Cre Raa Ss Boy C98 ia 
ae a Wate. bcd OT ee Hi do eed Rae 
i a) ee ee oe ee | Shee AG. 4) sees S20 BLS] Peepers (Str as See Ene A) BIC 
Wai ess Pity ste) fu Hope Be Hoa | COR) Canta ete eee es 
i (Leena eae Cn Pe ae EOE peel URS epee me Be 
64) 54]...... SEP eee wivwrace al atte (2 Cs AAS Ae S| alo aass | 5 asl ae ened oe aeeS 
ee ey 2 ee | Ae ee Peer ae eae Gua gadeetelases Jouel | canons | s qviba eee aeelaeeas 
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U. S. BUREAU OF FISHERIES, 


Drepcinc AND Hyproararuic Recorps SecurEeD Durine Hausur 


Station 
num- 
ber. 


H. 6324 
H. 6325 
H. 6326 
H. 6327 
H. 6328 
H. 6329 
H. 6330 
H. 6331 
H. 6332 
H. 6333 
H. 6334 
H. 6335 
H. 6336 
H. 6337 
H. 6338 
H. 6339 
H. 6340 
H. 6341 
H. 6342 
H. 6343 
H. 6344 
H. 6345 
H. 6346 
H. 6347 
H. 6348 
H. 6349 
H. 6350 
H. 6351 
H. 6352 
H. 6353 
H. 6354 
H. 6355 
H. 6356 
H. 6357 
H..6358 
H..6359 
H.6360 
H. 6361 


ne Time of 
Position. Chart. Date. day. 
0.8. 1915. - 

Tillamook Head Lt., N. 59° 6100 | Sept. 7] 2.39p.m 
E., 31.5 miles. 

Tillamook Head Lt., N. 59° 6100 |...do....-. 2.57 p.m 
E., 32.5 miles. 

Cape Meares Lt., S. 70° E., 6100 |..-do.-... 3.35 p.m 
28.3 miles. 

Cape Meares Lt., S. 694° E H100K|ee-do=-e-e 3.53 p.m 
27.2 miles. 

Cape Meares Lt., S. 69° E., 61000|2--dor-a- 4.12 p.m 
25.9 miles. 

Cape Meares Lt., S. 68° E., 6100)|22-do:---- 4.29 p.m 
24.5 miles. 

Cape Meares Lt., S. 674° E 6100)|5>-do=2--6 4.45 p.m 
23.2 miles 

Cape Mioares Lt., S. 664° E 6100 |...do....- 5.02 p.m 
22.1 miles. 

Rape Meares Lt., S. 654° E 6100 |...do..... 5.18 p.m 

Cape Meares Lt., S. 69° E 6100)||===do==--. 6.00 p.m 
22.1 miles. 

pee eae Lt., S. 71° E 6100 |...do..... 6.17 p.m 
22 

Cape Meares Lt., S. 724° E., 6100 |...do..... 6.34 p.m 
23.6 miles 

Cape MonIE Lt., S. 744° E 6100)|222do0r2--- 6.52 p.m 
24.3 miles. 

Cape Meares Lt., S. 76° E 6100)|25.dor---- 7.09 p.m 
25 miles. 

Cape Meares Lt., S. 77° E., G100)|aeedoseeee 7.28 p.m 
25.8 miles. 

Cape Meares Lt., S. 77° E., 6100)|=- doses. 8.04 p.m 
23.9 miles. 

Cape Meares Lt., S. 77° E 6100} seedoreees 8.24p.m 
22.9 miles. 

Cape Meares Lt., S. 77° E 6100 |...do..... 8.42 p.m 
21.9 miles. 

Cape Meares Lt., S. 77° E., 6100 |...do..... 9.00 p.m 
20.9 miles. 

Cape Meares Lt., S. 77° E., 6100)|2--dolees- 9.18 p.m 
19.9 miles. 

Cape Meares Lt., S. 77° E., 61003) s<sdors.5.|-eeseescesee 
17.9 miles. 

Cape Meares Lt., S. 844° E 6100 | Sept. 8} 7.28a.m. 
17.4 miles. 

Cape Meares Lt., S. 85° E., 6100) |Ee.dosecee 7.46.a.m. 
18.4 miles. 

Cape Meares Lt., S. 854° E., 6100 |...do..... 8.02 a.m. 
19.4 miles. 

Cape Meares Lt., S. 86° E., 6100))2.-dozzc.: 8.17a.m. 
20.4 miles. 

Cape Meares Lt., S. 87° E., GLOON| ss2GdOseees 8.34a.m. 
21.4 miles. 

Cape Meares Lt., S. 873° E., 6100 |...do..... 8.5la.m. 
22.4 miles. 

meat Meares Lt., E., 20.3 6100 |...do..... 9.1la.m. 
miles. 

Cape Meares Lt., N. 88° E., 6100 |...do..... 9.27 a.m. 
19.2 miles. 

Cape Meares Lt., N. 86° E., 6100 |...do..... 9.43 a.m. 
18.2 miles. 

Cape Meares Lt., N. 84° E., 6100 |...do.....] 10.024. m. 
17.2 miles. 

Cape Meares Lt., N. 82° E., 6100 |...do..... 10.18 a.m. 
16.2 miles. 

Cape Meares Lt., N. 79° E., 6100 |...do..... 10.36 a.m. 
15.1 miles. 

Cape Meares Lt., N. 774° E., 6100 |...do.....] 11.01 a.m. 
16.3 miles. 

Cape Meares Lt., N. 753° E 6100) |:..do:-..- 11.18 a. m. 
17.3 miles. 

Cape Meares Lt., N. 74° E., 6100 |...do.....] 11.35 a. m. 
18.3 miles. 

Cape Meares Lt., N. 724° E., 6100 |...do..... 11.53 a. m. 
19.4 miles. 

Cape Meares Lt., N. 684° E 6100 |...do..... 12.29 p.m. 


17.9 miles. 


Depth. 


Fms. 
142 


159 
126 
112 
109 


Character of 
bottom. 


gn. M.,fne.bk.S.. 


gn.M.,fine.gy.S... 


eee 


fne. gy. S.,‘gn. M.. 


wee e eee ewes eneee weer 


gn. M., fine. gy. S.. 


gn. M.,fne. gy.S.. 
fne. bn. S.,bn.M- 
gn. M.,fne. gy. S.. 


See rr 


DREDGING AND HYDROGRAPHIC RECORDS, 139 


Temperature. Salinity. Trial. Drift. 
Apparatus. g Remarks. 
= | ¢ | Surf. | Botm. Depth. cay Direction. | 
ela z 
ls la Vee El. sdr.; 30-Ib. |.........]. wisi | eens 3 git 
lead. 
Dee rerce |. Sees Sele onan [oe Sasa lane coe eiee| ee tte (Gees oe aac eects Clean lead. 
(LN op caga aes Se [Ree | vargas Obed emmnd Reasépabdl ASa See Bee er, Sarr ees 
OS es bes el EI pea Oe setae e pana noe fears [nee eee eel en Do. 
De] Et Se bapa A (El oe Ore one se ae ee setae [orn eto oer [are 
En |G heen ee ag fee ey MO memsenne elon | acon per te ees = 
TY) | EM 1S eel bape Sa Aa a ot epee es ene) sss ao acolo eee eee eae eee 
EL || Se Sy phen cd (BBS oS Sis Real ape Gas seca calnos fo ciae erate | oe aerate ees fieieete 
clog a 2 | Rian 2 Be Re ec ee (6 bo ase t= | [Pe a” eee, [Me ER othe cere stone | eee eee 
BOAT eel se- ts ac] ace snare] os 6 OO reese ones a achere Bete apn aera ate ele = eer 
(LS | bol RR aed eee Se eR On: sees a| oon oe oss |p senate seisbea eal ate a Do 
Mite ea one 25. |= .- 5-|aseecen|Sn-- 5 Ore amen ce | oni seater | seen es sete nea seen Sees 
Gl. 32 | ped eae (a Eee (0 Ct Se Sel be re Mee id fe Amn So oad ed 1S 
Geno. ce |-nc chs pseeseeeloricee Co Cae ea a se be oe eae le Ss oR Hee 
Tigiis 50 | see (See See Sees eaaeetes On ca8 ees paeease case tcc |cee a= Sera lese as 
(272 | | 5 ol epee (a PE be a Me GO ns esas as [noe ee ae ER eens las tas occ aeee 
<0 || * 175.7 Pa eS SAR a Ole Seo e eyo ree ee | sacs ae oe resem ele oes 
1] GS aera [ae EN a Un COG. seecacler cose esos ace aa [Sea en caress |e Do. 
EG 28 | as ad Dama ean bas Ones. cea nese eee oe nee en saa oe eee 
(7 |] a [eee Lae PAM em eS La ie ae el Uo ll cP gree ra ns ae 
5 cic] (ee ase os pega Re Dee AG te sateee eee rae oe ee ee recat pera ta vee a aa bak in 
OOo cosneeesss| oman --|->.2-56|-55-6 Ome as acs Pena a Races leetetsrere nie aaa meee 
LUN NSS (8 Soe i a EARS ea Co Co pe ae ard le oe Be ee | ba ee td falc 
ESC) iy (75 || an ay aa Se eS (i be eae emer Mi ae ROU (ec Searle suet iain ee 
: S50] 125 5) eae eee Ser aoe Aaa a (ee it eid ARE as ee eee 3 Efe 
EUDS)| fp 1) | (SR eet Ne Ait DARE a eee doen). Zale ee sac eon | eae eee eee 
oy lac 8 okeeol heaam I Hot 2.52 eS uae ae lease 
ROM OO MEE Ge cse ston —55|snoc4 GOs 555.5205 Rees aoc locee ene aes sac ee | peek 
| UEP oe totes | some Nae min Se Ne 2 Sate Gs ..3 2. ce Maenes es eens | Se acacmen tant wesc 
EL) este) Sa a a Li Cs Re | 2 El Rl be Ree Bees 
EL) [OEE oe aaa (ee ee Ee eee (6 CS 9 ae a bere He Clean lead 
i iL (Ea fee ed (eae ae dO... 5-5 --oleeeenarasaae naka |e scare cans © ae 
| i Loe ag 22 Sot oI ae) aR ee (er (: fe Sete! |: i Mt eee eas Kaw 
21 eS bre heel it Sa) RR 8 es dO: «- . 552s |oe Sak | eee ae Do, 
“| WAS beer (a a ie ee ea Jaen CO RR RR Sinha Bee ee ey sae | Ars 
Bas moO "| creates set «| roscuss lose = - cE || nee Sol aeeceeel bear Loe Do 
8 (es Ah ee (eee | ioe |----* dO. s . fo soar pee a os cal debe | biota 
BGAN sO! |. so scale ax Sal waeseee loess pC ae SE ol 22 a BA eer sees Pie 
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U. S. BUREAU OF FISHERIES, 


DREDGING AND HyproagrapHic RECORDS SECURED DuRING HALIBUT 


110 | fne. gy. S., gn. M.. 


Station ; 
num- Position. Chart. Date. ae of | Depth 
ber. y. 
C.S:. 1915. Fms 
H.6362 | Cape Meares Lt., N. 663° E., | 6100 | Sept. 8 | 12.44 p.m. 
17.3 miles. 
H.6363 | Cape Meares Lt., N. 64° E., GLOOM Pe cdiot 222! 1.00 p.m. 100 
16.5 miles. 
H.6364 | Cape Meares Lt., N. 613° E., 6100) | -<do-s- = 1.15 p. m. 99 
15.9 miles. 
H.6365 | Cape Meares Lt., N. 59° E., 6100) Pee dorese- 1.30 p. m. 99 
15.3 miles. 
H.6366 | Cape Meares Lt., N. 553° E., 6100) Ee=dozs- 1.40 p.m. 97 
14.7 miles. 
H.6367 | Hay Stack Rk., S. 64° E., 6§000)--sdorlee2 2.13 p.m. 105 
15.1 miles. ~ 
H.6368 | Hay Stack Rk., S. 68° E., 6000 |...do..... 2.30 p. m. 109 
15.8 miles. 
H.6369 | Hay Stack Rk., S. 71° E., 6000 |...do....- 2.48 p.m. 133 
16.4 miles. | 
H.6370 | Hay Stack Rk., S. 73° E., 6000))|/-2=dos22e 3.06 p.m 175 
17.1 miles. 
H.6371 | Hay Stack Rk., 8. 76° E., 6000))|22doxes- 3.25 p.m. 206 
: 18 miles. 
H. 6372 | Hay Stack Rk., S. 77° E., 6000 |...do...-. 3.56 p.m. 147 
15.9 miles. 
H.6373 | Hay Stack Rk., 8. 78° E., 6000 |...do.. 4.13 p.m. 122 
14.9 miles. 
H.6374 | Hay Stack Rk., S. 79° E., 6000 |...do 4.28 p.m. 106 
13.9 miles. 
H.6375 | Hay Stack Rk., 8. 80° E., 6000 |...do..... 4.43 p.m. 99 
13 miles. 
H.6376 | Hay Stack Rk., 8. 81° E., 6000 |...do...-. 4.58 p.m. 96 
12 miles. 
H.6377 | Hay Stack Rk., S. 853° E., 6000 |...do..... 5.34 p.m. 115 
13.8 miles. 
H.6378 | Hay Stack Rk., S. 874° E., 6000 |...do...-. 5.49 p.m. 134 
14.7 miles. | 
H.6379 | Hay Stack Rk., S. 89° E., 6000 |...do. 6.06 p.m. 200 
15.6 miles. 
H.6380 | Hay Stack Rk., N. 863° E., 6000 |...do....- 6.39 p.m. 120 
13.9 miles. 
H.6381 | Hay Stack Rk., N. 833° E., G000))|2s2dos. se. 6.54 p.m. 110 
13.1 miles. 
H.6382 | Hay Stack Rk., N. 803° E., 6000 |...do...-. 7.08 p.m. 100 
12.4 miles. 
H.6383 | Hay Stack Rk., N. 764° E., 6000 |...do....- 7.23 p.m. 95 
11.5 miles. 
H.6384 | Hay Stack Rk., N. 733° E., 6000 |...do 7.56 p.m. 115 
13.6 miles. 5 
H.6385 | Hay Stack Rk., N. 724° E., 6000 |...do...-. 8.15 p.m. 135 
14.6 miles. 
H.6386 | Hay Stack Rk., N. 714° E., 6000 }...do. 8.32 p.m. 175 
15.5 miles. 
H.6387 | Hay Stack Rk., N. 65° E., 6000 |...do. 9.04 p.m. 125 
14.6 miles. 
H.6388 | Hay Stack Rk., N. 61° E., 6000 }...do..... 9.20 p.m. 111 
14.1 miles. 
H.6389 | Hay Stack Rk., N. 574° E., 6000 |...do. 9.36 p.m. 102 
13.7 miles. 
H.6390 | Hay Stack Rk., N. 54° E., 6000 |...do..... 9.51 p.m. 95 
13.3 miles. 
H.6391 | Hay Stack Rk., N. 544° E., 6000 |.-.do...-. 10.24 p.m. 109 
15.2 miles. 
H.6392 | Hay Stack Rk., N. 543° E., 6000 |...do...-. 10.41 p.m. 120 
16.3 miles. 
H.6393 | Hay Stack Rk., N. 55° E., 6000 |...do..... 10.58 p.m. 135 
17.4 miles. 
H.6394 | Hay Stack Rk., N. 554° E., 6000 |...do. 11.15 p.m. 145 
18.4 miles. 
H.6395 | Hay Stack Rk., N. 49° E., 6000 |...do.....] 11.59 p.m. 120 
18.6 miles. 
H.6396 | Hay Stack Rk., N. 46° E., 6000 | Sept. 9 | 12.16a.m. iil 
18.9 miles. 
H.6397 | Hay Stack Rk., N. 43° E., 6000 |...do...-.| 12.31 a.m. 101 
19.2 miles. 
H.6398 | Hay Stack Rk., N. 40° E., 6000 |. ..do. 12.47 a. m. 92 
19.5 miles. ; 
H.6399 | Yaquina Lt., S. 33° E., 19.6 6000 dooeee 1.20 a m 104 


miles. 


fne. gy.8.,gn.M_-.. 


fheigy. Soeeeseeeee 
fne. gy.S.,gn.M... 
fmoelbRiSs. esos 


se ee ee as 


DREDGING AND HYDROGRAPHIC RECORDS. 141 


INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 anp 1915—Continued. 


Temperature. Salinity. Trial. Drift. 
Apparatus. 2 Remarks. 
Slab ge (ot! |B Depth. | PUTA! Direction. | 8 
a/2/ 8 Z 
on|°RF.| °F. | Min Mi 
AIS eS ee | PUSSH TT O0-1Doniecuse steno ots. [anes s.s Sly eees 
lead. 
Stayt eae ite ae NTS REN oS hy Agee Aas See tee tee | a ee SIE 
66. }) 56 [fs 220 Jnstecee[eeee eee eee GON Sika laee ae eee wicen deems ets esclecene 
: ei Se i eee 2 EE i) Sere es, 0 eR ae ey ed easel) Se am Sl [5 pean tal | ale 
Beer DG face onlt se. Soh os. ack ete GOR aces lees ae oa lC eae ta See te ene |e eeiae 
, Banoo areeete oo -< se |5.. 2 |e ses CO LSE aS ROCs) Ei ne (5 Seana te ey |e 
GGiineaGsleece ROSA ihe oo AR Owe 42 se Rs TONS Ae eee ps 
Oe 4 RS ES ae Se ey ek AO COP ER OR, | SE 
66 | 56|...... Ye a ie GOP 22 cel As 0 
Lo 24 aig |e a a FP NISE RELA Oe meer d| CMSB A bees Sone OKs Sop Clean lead. 
lt oe a beth beim tal Bae rTM ke Weare a ioe i |e A hae 3 
eh | CPS HO reer ca EN 3 ali: Be MO ae, 1 oe eae PN Ee Pe ei 
0 Mr Oe | ets PH Saye ee tro Oi aes Mr eee re Nm 
CE ae nl eae | Osan tes vee a Ce ee eid OE eae Bigeye! 22 lek ae [ie Seen Ze | 
65] 55].....- | Sok SS ene Ta age (2 kee eed Re eRe ih Aue Re el LAR 
@5| 55|...... ae (eae SRR TN Me eal at ae Uap 5 Pe IEE ae ox WEN Do 
; 65 55 Jo. | 25 uke) een ESSE 9 (cP RRP RR AS [AN OW LAG SIR a ape etal a 
ci) GS Sel (a Sl Pe ee Ole Sts | REO E |aoees Salon es een ei 
Fe bias | J ae) | Se v0 Ca perce (She 1 Pe RA Fee es || |e Ca pees |e 
Li Sl ela Sa) aa eae ft, Seek | Soe te Se Ae cs Coe i Men eee aa (= DS Rey oe pro aa 
CU Ra: 6) eee Pe aa pales GOR So es |e see aan en eee sane ey 
(10) Entec (ele 8 1 Se ae Sie ee dU CO Seas hiooal aoe corel satire abl Rohe cat le 
Li U, Aiike3: Sl ace oe a Re oe ee Ci Lo) 2 Re ar Se (ee | 3 2 ae ee em get Do 
! OS | DOW ec ea es | efepe ae erate ee Gs (oye Rn el SE oe ES | ae opie ek ea oe Do 
: SO Riel ey So a Cb Apatow SL) EC rey [OSE 
ES ee beled zs (aie Vinal i) Wahl Pe ta BIRR hy f 
; | =) a as feskecat ts see 7 et RE. C7821 endian LS ARITA EE | 
aye | ies St eal a ee ae pe (2 [0S RY PS i ANd Ban ge | a eS a 
7 ae RR eos eee digk .. Sch: .2 = 2| RON A tiene peat ee! 
Oi) |) Re NS a re GOs... 2... 5.13) = sae dee es lune denis coe eee 
; BY | 68 |... eB eae ae peak). | ene aepate rs ale 
\A “eg | ARGS ES St Ee ge Ie ee a (oe Bae PS 5 SA ee 
m | 59) 53 /...... | er UR: eh Umer) ke 2) I ea Re 7S Come Da 
BIO) 85. |e telat Yo les a. 2 dee nme 
Sas ee 12 ae Ea = A 
59 | 53 ]...... Rebels 3 le Eien) ER a 
me} oo | 53 |...... hy ee a eid, sub a er je hasan 
} “oA (ESSE PRESS Sek | deur ct | Pees On yous | DOA ee | Ee | Ard A ag | Tsao 
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142 U. S. BUREAU OF FISHERIES. 


DREDGING AND HyprROGRAPHIC REcoRDS SECURED DurING HALIBUT 


num- Position. 


H.6400 | Yaquina Lt., S. 36° E., 20 
miles. 

H.6401 | Yaquina Lt.,S. 384° E., 20.2 
miles. 

H.6402 | Yaquina Lt., 8. 41° E., 20.5 
miles. 

H.6403 | Yaquina Lt., S. 434° E., 21 
miles. 

H.6404 | Yaquina Lt., 8. 45° E., 20.1 

miles. 

H. 6405 | Yaquina Lt., S. 46° E., 19.1 


miles. 
H.6406 | Yaquina Lt.,S. 473° E.,18.1 
miles. 
H.6407 | Yaquina Lt., S. 49° E., 17.1 


miles. 
H.6408 | Yaquina Lt., S. 504° E., 16.2 
miles. 


Time ot) popte: | Cae 
Fms. 

1.36 a, m. 112 | fne. gy. S., gn. M.. 
1.53 a. m. 122) ineleycs sees seene 
2.10 a.m. 135 | fne.gy.S.,gn.M... 
2.26 a. Mm. 150) Facies d0._: -5:2ecee ee 
2.48 a.m. 133 '\\Soes dO... 4ee aces 
3.04 a.m. USS eee 0.2. 2cseeceeee 
3.19 a.m. LOL ||. fne. gy. S.-52--ceee 
3.34 a. Mm. 92) eae dO se-se-e eee 
3.49 a.m. 88 | fne. gy.S.,gn.M... 


DREDGING AND HyproGrapnic Recorps Securep Durina ATLANTIC CRUISES, 


Station 

num- Bearings. 

ber. 

Latitude N., Longitude W. 

SPE os Cape Henry outer buoy...... 
C20001 36 4900 75 36 00 
C20002 36 47 00 75 06 00 
C20003 36 45 00 74 41 30 
C20004 36 41 00 74 34 30 


Time of Depth. Character of 


day. bottom. 
Meters. 
HR 5 Aan ae 0 |iccvads eke eee 
2.49 p.m. 19") 'S:,)Shesesea eee 
to 
4.53 p.m 
8.00 p.m. 1a ere G0. s.nencereee 
to 
9.20 p.m 
12.01 a. m. (3) cae do... keene 
to 
1.30 a.m 
3.00 a. m 336, | gn.:S:, Mo aecceeee 
to 
6.00 a.m 


a Surface temperatures taken while the Albatross was under way during the Atlantic cruises are given 


in the table on page 174. 


DREDGING AND HYDROGRAPHIC RECORDS, 
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INVESTIGATIONS OFF OREGON-WASHINGTON Coasts, 1914 anp 1915—Continued. 


Temperature. Salinity. Trial. Drift. 
Apparatus. g Remarks. 
: 8 | Surf. | Botm. Depth. Dare- Direction. | 2 
Ss i az) 
nD Q A 
li ON AY A ile Oe Min. Mi. 
72) | [CLS ie a RE eae ee 2 OTR RE DOs) Da [eect ware [eicein ouicl eae rc'eaic'aclis acies 
-lead. 
EX [agin | ee ae | |S a fe oe Cl) ih na Oe aoe 2a ee PO cee me Pl 
DSTO ADT fase este lie teeeaetecte'n 3 oftoete Gh) 2.453.684 SBS AAS Cepeoed | ABER aeeee bane 
eet tater low auial tes octets Secd<|so see C RRR adore orn SSS SECS Reso, este a4 nee 
ERY] | «Sl BS Ca es ee Ree GOs oct care occ dl iwalees bemeaec ac ea [oce'sc 
SAS PS SIM el a RS Sie et 6 (is rape Pe, eee oe | en |) es eel 
T2258 dl (Sea Re eee ae ee ete GON seracdan | Cee REe |b otacete actoatiog doa dellgcedc 
MOR ees oe clo w coe cle cesttaleeerat GO ack aes col sho hlecios bac SSes Beem esiiaecie| seaee 
BS TSA ES Na a ere et Bette GOL. Pentre |i ceeracsclacesene Ba owacndaecels= eae 
Soutu rrom Norrotk, 1919, anp Norra From NorFo.k, 1920.4 
Temperature. Salinity. Trial. Drift. 
Water : Apparatus. ej E . Remarks. 
: 1 ee ‘ S ge: g 
a r¥ < =| Z| = = qa 
~ ~_ ~ 
wi eiele | a a | § a ee 
< A a A v3) A A A =) 
SON | oO. tA. M. Min. Mi. 
es aee mene | son aes OS 2OS 51 Sees ee nnn s ates oa seloe once shisha Dab ule sate comes a Rene 
21.11 0 |19. 40 1) 83 SC eA) Pals Rigel bREN ts Veh oem [eS On ee eee er eee 
6 {19.63 7 |31.08 ld.; GB_bot.; 
14 /|19. 58 14 /31.09 NZ; R; Tycos. 
bohm snet-. --2-- botm.-0 SON ke sen aceaes | eee Cable out (botm. 
. net) 100 meters, 
angle 60°. 

Mf NOtsenccsese 0-05 <a SUL Encaeccs eae leeeee Cable (mtr. net) 
out 63 meters., 
angle 60°. 

HKU CI. >, ee Queaae. 2/0 RS eee Peet 10 out 5 min. 
Bb Sure trl. c= 55- (hd) oe 1 el ee eet ean EON Be able (35’ shr. 
trl.) out 306 
meters; did not 
reach bottom. 
19. 44 0 |20. 80 0) 1315.92) | ive. Inv; snaps, (02.5 <2.-| onan! sansa e sa aec] aaa 
15 |17. 21 15 |31.98 ld.; GB bot.; 
30 |16, 23 30 |32. 59 NZ; R; Tycos 

Vvert.net:- ...-..- tL Eine a oe 9 ee eye eral 0 ee 

bpotmunoet Ss. Sos6 30-0... OO) | Reseeteeest loseee 

q10, 7. ee 2 Oe DB acts see e ete le oat 

19. 44 0 |12. 80 0 |33. 62 beupsdr:s) anaes ieee nck: (aces el neater (ieee El. sdr. dial read 
10 |17. 82 10 |33. 57 ld.; GB_bot.; 40 fms., but bot- 
30 (16. 53 30 |33. 78 NZ; R; Tycos. tles were sent 
60 | 9.96 60 |33. 10 down to 90 me- 
90 |10. 93 90 |34. 02 ters. 
Vert. net--- 32.322 EO ara Sas 8 A a oe ae ee eee 
| botm. net....... 75-0... SOME seats eee are fers ws Cable (botm. net) 
out 100 meters. 
LODO LS acer aes lS aSeeee Yi (Ese: th ook he 2) eee 
19. 44 0 |17. 80 0 |33. 60 Ieesar:s. (SHAD s |asemern te las cadet |ocee costae -|-acen 
10 |17. 87 10 |33. 65 ld.; GB bot.; 
50 |10. 89 50 |33. 12 NZ; R; Tycos. 
AGO is | 200154525 Ivert. net. andy |; 200-0... -|- 120.4). 2.5.4-.sacclencee 
150 {11.99 | 150 |35.39 m. b. 
200 |11.15 | 200 |35.35 | botm. net....... 200-0. . CY eel 
300 | 7.63 | 300 |35.07 | #10, #20.......... ee GOP Santas ot aaa 


51700°—21——17 
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7 Time of Character of 
cua Bearings. Chart. Date. day. Depth. Dotter 
Latitude N., Longitude W. C.S. 1919. Meters. 
C20005 | From 36 35 30 = 74 23 30 1001 | Oct. 31 | 7.30a.m. 2,'029\| es Ss; Mizeee eee 
To 363100 74 28 00 to 
and 5.30 p.m 
From 36 37 30 74 21 30 
To 36 35 30 74 23 30 
| 
C20006 35 04°00 75 18 00 1001 | Nov. 1 | 10.15a.m SLYIISES ts) ese) isn 
to 
11.10 a.m. 
C20007 350100 #75 14 00 1001s |s22dozeees 1.00 p.m 233°| PS: Shee seeeeee 
to 
3.00 p.m 
20008 | From 34 54 30 = 75 07 00 1001 doles 7.35 p.m 1, 800))|. 3-2 aa eee eee 
To 345900 750200 to 
10.50 p.m 
sesseuee Cape Canaveral Anchorage. .| 02. 2.5222. 25|) NOV. 622 |e--nee ese 4 0). eee 
Jhaabisee St.) Johns: Bay, Browns seek ENO On| aeeeeeceaees 0... Sa: ee eee 
water.” 
SRE St. yJohnis/ Bay.) ‘SBrows os es aeee eee COs ase aye eens UR Se seis iene 
? water’’ (outside). 
saad Mayport ilar. sienna aye Oe eet oR (eee Cl oer eee 0 |... «mete ate eee 
20009 | From 29 55 30 81 10 00 1007 |...do..... 5.25 p.m. 17: | SBaiSbeeesetceres 
to 
| 5.40 p.m. 
20010 27 34 00 80 10 00 1007 | Nov. 10 1.38 p.m. 18) oo see douse jee 
to 
1.55 p.m. 
C20011 | From 27 34 00 79 55 30 1007 dozte.. 3.30 p.m. Bayles eme don =t seeeeeee 
To 273700 79 56 30 to 
4.20 p.m 


_———-s-. * 
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Soutn rrom Norro.ik, 1919, anp Norrn rrom Norroxk, 1920—Continued. 


| 


iv) 
ri 


Temperature. Salinity. Trial. Drift. | 
Water. } Apparatus. d adi 3 Remarks 
: Pp PT 3 = | 
a = ~~ ~~ 
~ re a 
| § Bb Bl le Ane 
a n A A 2) | A 
M. . M. Min. Mi. 
QO) 184.20.) Lies Sar rigs. petcast, 2.50... 58.38 W... 6.0] 7.30a. m. to noon, 
50 /34.13 | rod; GB bot.; 8.38W |2.5] 1 to 530 p.m 
100 (35. 58 NZ: IR; SV? | drift. Very stifl 
200 |34. 99 Tycos. northwest wind. 
400 |34. 97 At noon ran to 
600 |34. 99 northwestward 
1,000 |34. 95 of beginning po- 
1, 400 |34. 96 sition to ‘auift 
1, 800 |34. 91 down to it. 
Verte NObe Ls 3... 5 400-0. Ul PenonosS ae oas Race 
botm. net....... 200-0. SOME See cele ciae 
mtr. net......... 100-0 GLU LF Rae SEEN RR 
tA CO 22, Dp ae (ieee Ase | ws Ey ee Ee ee 
(OBE SOT hal 3) EXCL SEN AS OR ae a 2 Bl eel ead 
15 |34, 74 | ° Tycos: snap. | 
30 |35. 33 ld.; GB bot. 
botm. net....... 25-0. SO EChe eaten eae ase Cable (botm. net) 
out 40 meters. 
#10, Liga ta dace (age 72 al BAe ee Re 
OiiS6s03)Mlmsar.e SNA |s 5-2) oo [5 Ste | Soe oe tna Bee Temp. at 50 me- 
50 |35. 98 ld.; GB_bot.; ters may have 
100 |35.99 | ‘°NZ; R; Tycos. been 0.5 higher; 
150 |36. 02 | almost too high 
200 (35. 95 for therm. 
Mtr eG 42522 ee 2O00=0 re seers ecco | meer Mtr. net used for 
vertical haul. 
botm. net....-.. 190-0. 25,15 453 Boe A. [8 Cable (botm. net) 
out 220 meters. 
#10, 7 | En Queso s4 lh | Qari Nona eees| sacar 
ERE I IC gets uc. sdr.; Sigs. |.........]..-....] N.45 E...| 6.2 | Sample for salin- 
50 |35. 98 rod.; GB bot.; ity at 0 meters 
100 |36. 02 NZ RS SVs lost. During 
150 |36.13 Tycos. soundings, with 
200 35. 99 1,060 fms. wire 
out, wire parted 
and carrie 
400 |35.97 away with Sigs. 
600 |35. 62 rod. Sea so 
800 |35. 47 choppy that 
1,000 |35.10 bottles were 
sent down to 
only 1,000 me- 
ters; no nets 
used. Wire 
with bottles at 
, 800, and 
1,000 meters at 
angle 40°. 
0 |35.32 
0 (34.51 Ebb tide. 
0 |34. 53 Do. 
LE Ie ae ee ae Mn me SY RI a 1 ee ey (he Do. 
ison eUe PEL VP. OTL. SAD. || eo doersete | fs cd eaeec cero eee ve 
14 35. 26 ld.; GB bot.; 
R.: SV; Tycos. 
Giisoscss ler we, lds) Snap. |Egececcatec sok oe Soe Oe 
16 |35. 96 ld.; GB_bot.; 
R.; SV; Tycos. 
O\jdc901 Dlosar.;, snap. | oacsen< |i ces 3cs N. 21 W...| 4 Wire with bottles, 
14 |\35.95 | 1ld.; GB bot.; angle 15° 
34 |35. 95 US ARG ea 
54 (35. 95 Tycos 
74 |35.97 | vert. net......... IT) Jed Pia as ee ar ae 
MHD Soeer. ob awueeld Uia(ie tn | Ree © Pe ee ee hee 
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Station 
num- Bearings. Chart. Date. gime of 
ber. - y- 
Latitude N., Longitude W. CS. 1919. 
C20012 | From 27 3400 79 34 00 1007 | Nov. 10 | 7.00 p.m. 
To 27 41 30 79 36 00 to 
9.00 p.m. 
Sia sieeve St., John’s! River: halfway, |2. 25-4. --2cec||UNOVeitl) |peeeeeteeee ee 
between Halifax and the 
sea. 
20013 | From 27 34 00 79 10 00 1007, }-22doz.-. 12.23 a. m. 
INO) 27 37 30 79 11 00 to 
1.55 a.m 
20014 | From 25 34 30 ~=— 80 04 00 LOO7E=-doeee ve! m. 
0 
7.40 p.m 
C20015 | From 25 3400 79 57 30 1007 |...do.....} 8.05 p.m. 
To 253600 #79 57 30 to 
9.55 p.m 
C20016 | From 25 34 00 79 45 30 1007 | Nov. 12 | 12.12 a.m. 
To 254030 79 45 30 to 
2.51 a.m. 
C20017 | From 25 33 30 79 27 30 1007 |-sd022... 5.18 a.m. 
To 25 37 00 79 27 30 to 
7.46 a.m 
C20018 24 25 00 81 55 00 1007 | Nov, 15 pe ae 
a) 
7.52 p.m. 


Depth. 


322 


822 


877 


117 


Character of 
bottom. 


Co.; Sis Bhive cae a 


8), Sh.tccsecseaee 
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Soutn rrom Norrork, 1919, ann Norrn rrom Norroik, 1920—Continued. 


Temperature. Salinity. Trial. 
| 
Water ’ Apparatus. e 
b ae i) 
a[alal4 a [3 
By ey 8] & g a | § 
< Q & fan) D A A 
Be ae. seats ; M. Min 
26. 11 0 |27.75 ee SE IBS bre (ste hess otc) Fc be  (r 
50 |27. 24 50 /35. 85 rod; GB bot.; 
100 |24.32 | 100 |36.11 NZ oR. SV; 
150 |20.62 |} 150 |36.36 Tycos. 
200 {17.73 | 200 (36.26 | vert. net......... 250-0. . 
GS? Uk Ee eee 
300 |15.20 | 300 [35.99 
350 |11.74 | 350 |35. 46 
400 | 8.60 | 400 |35. 06 
Re eb e sae Sear 0 |30. 72 atl cane ier ac et 
25.0 0 |27. 75 OW36200)}) Loe: *srine eh Sips: |S26 5.2 ase |se sees 
20 |27.36 20 '35. 95 rod; GB bot.; 
60 |27. 37 60 35. 98 NZ; R.; SV; 
100 |26.44 | 100 |36.24 Tycos. © 4 
150 |27. 24 150 (36. 67 
200 |19.79 | 200 36.63 
250 |17.78 | 250 36.41 
300 |17.11 | 300 36, 24 
350 {16.19 | 350 36,13 
24. 44 0 |26. 90 O77 65590; | Hl wisdrseisnaps, |. so.o-ees| sea: sc 
30 |26.35 30 35.90 ld.; GB bot.; 
60 |26. 43 60 (35. 95 NZ; R.; SV; 
Ce GO) ae ie Tycos. 
24. 44 0 |26. 70 OFS5190! ae; SsdrivSigss | 2s.2 5.20 )-0s05- 
50 |26.32 50 |35. 90 rod; GB bot.; 
100 22. 51 100 (36. 24 INZ RSs 
150 |16.33 | 150 (35.95 Tycos. 
200 |10.18 | 200 |35. 28 | vert. net......... PA0-08 lel on 
250 | 9.13 | 250 35.10 | botm. net..-.... botm.-0 30 
8.97 BONO Soe Mesa Osa a alcts 25 
SOOT HS 08 foe 5. 315. os ec 
'23.33 0 |27.75 OUS5SS S88) Mine. “sdr-s Sigss|o 0 c-<<|-ceeen- 
50 |27.25 50 (35. 84 rod; GB bot.; 
100 |25.87 | 100 |36.33 NZ RS SV: 
150 |21.06 | 150 |36. 64 Tycos. 
200 |17.88 | 200 |36.39 | vert. net......... 800-0 |....... 
300 |14.65 | 300 |36.00 
400 |11.59 | 400 |35.43 | botm. net....... 550-0 30 
600 | 6.99 | 600 |34.87 
800 | 5.88 | 800 |34.86 | mtr. net......... 175-0 30 
1 ONHHIO es os 2s. 0 25 
25.0 0 /28.10 0 |36.04 NIGs SUL. OISS MI. enero cel as euines 
50 |27.24 |Sampile lost} rod; GB bot.; 
100 {27.00 | 100 [36.11 NZ; RR; SV: 
150 |23.25 | 150 (36.63 Tycos. 
195 |20.33 195 |36.64 | vert. net ........ DUS Ul a ees 
300 {17.33 | 300 |36.32 | botm. net........ 700-0 30 
400 |14.52 | 400 |35. 84 
600 | 9.28 | 600 |35.05 | mtr. net......... 200-0 30 
800 | 6.93 | 800 |34.85 
10, 420 BP So 0 25 
28.5 0 |26.90 0 |35.99 isdrs; snap Idi:|Skeee en na|oo2 20 <s 
30 |26. 26 30 |35. 95 GB bot.; NZ; 
60 }25. 95 60 |35. 95 R; SV; Tycos. 
90 |20.95 90 |36.27 | vert. net......... 100-0 30 
100 {19.26 | 100 |36.26 | botm. net........ 100-0) 22... 
RT ND haha 0 25 


Drift. 


Direction. 


Remarks. 


g 

a 
A] 

A 
Mi. 
N. 144 W..| 7.5 


-| 4 


6.5 


Wire with bottles, 
angle 25°. 


On heaving in 
vert. net, a sud- 
or a of es 
ship sharply 
jerked the wire, 
causing the bri- 
dle to part at 
the thimble; 
net, ring, and 
sinker were lost. 

High water. 


Recorded depth 
(418 fms.) is in- 
correct. Wire 
tended far 
astern and 
depth shown on 
chart is 200 to 
300 fms. 


Vert. net fouled 
in bridle. 

Cable out (botm. 
net) 700 meters. 

Cable out (mtr. 
net) 200 meters. 


Cable out (botm. 
net) 800 meters. 
Cable out (mtr. 
net) 300 meters. 


| Cable out (botm, 
net) 120 meters, 


—"- 
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b 


‘ 


Station i 
F Time of Character of 
vii - Bearings. Chart. Date. day. Depth. hettont: 
d 
| 
Latitude N., Longitude W.| CS, 1919. Meters. 
C20019 | From 24 10 30 82 00 00. 1007 | Nov. 15-| 9.42 p.m. 656 || gy Mil. <b eee 
To 24 07 30 81 58 00 16 to 
12.53 a. m 
| 
C20020 | From 23 58 30 815900 | 1007 | Nov. 16 | 2.00a.m. 9967)/—-see do. 2s ussneeae 
To 23 56 30 81 57 00 to 
5.08 a.m. 


C20021 | From 23 42 30 82 09 30 1007 | Nov. 16 Las a.m. 1,645 | gy. M., pter. Oz... 


EE eee ee eee 


To 233800 8208 00 0 
| 10.27 a. m. 
| 
| 
" 
3 
: 
20022 | From 23 3000 821400 | 1007 |...do..... 11.45a.m.| 1,681 |..... dow.) am ‘ 
To 232800 821230 to j 
1.49 p.m. 7 
| | . 
e 
+ 
C20023 | From 23 14 00 = 82 14 00 © 1007 | Nov. 21 | 9.35 a.m. 15270 | (ey SIME ee eee i 
chow 23113730) | 7/8202700 to ‘ 
1.41 p.m. y 
i 
i 
e 
oy 
% 
| 4 
| ; 
| | é 
20024 | From 21 5000 850800 | 1007} Nov. 22] 1.06p.m.| 1,664] co.S.............. 
To 215200 850930 | to 
6.10 p.m i 
| | 
| 
| 
} 
} 
| 
| 
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Sout rrom Norrork, 1919, Anp Nortu rrom Norro.k, 1920—Continued. 


Temperature. 


25.0 


25.0 


27.0 


26.67 


Salinity. 


Trial. Drift. 
Apparatus. e 4 ¢ Remarks. 
: AS} a=) s 
cS = > 
we) a s 
a | &§ ae es 
a =) A A 
: M. Min Mi. 
PUG RySONs Slee} ssetls- alccne == S. 20 E....] 3} 
tod; GB bot.; 
NZ; R; SV; 
Tycos ‘ 
Vert: Net.. -3-5-- 4 BO0=Oi occ ce ulcsceenes=c A eee 
botm. net........ 600-0 (310) (Re Ser Cable out (botm. 
net) 600 meters. 
mtr. net: ....=..- 200-0 ADA S cto tau cea tlcelese Cable out (mtr. 
net) 200 meters. 
#10, 7 Olen ebnleee see ed cauen 
Wes sar: Sigs. ||o-2se25e aeeeck S. 46 E....| 2.5 | Wire with bottles 
rod; GB bot.; at 400, 500, 700, 
NZ eHises Sis and 950 meters 
Tycos. at angle 20°. 
botm. net........ 900-0 OY BSP Screed Heroe Cable out (botm. 
i net) 1,000 me- 
ters. 
MUP Nets oo .cacs 200-0 GOU Pats teseeocloaetas Cable out (mtr. 
net) 300 meters. 
#10, OQ EE cancion 0 GO) ree eciacine eke leone 
UUCSUSCEL SOLES ce comet wc] acoane 8.194 E...| 5 Temp. at 50 m. 
rod; GB bot.; probabl not 
NZ; R; SV: more than 0.2 
Tycos higher; top of 
mercury could 
not be seen. 
Vert. notes. 22s. 
botm. net....-... Cable out (botm. 
net) 600 meters. 
Mtr Mets<i cae 200-0 BO elo se oupiea sane Cable out (mtr. 
net) 300 meters. 
OSS oe seca 0 Diiiewselees saad eee pe 
TON eeoorisinceeee 0 7 en apeets nel ies 
LIC SOE GUS esacet ono seeeeee S. 374 E...| 2.5 | Temp. reading at 
rod; GB bot.; 50 meters prob- 
NZ ORs SVs ably correct; 
Tycos. graduation of 
therm. runs to 
27.4; the 0.03 
was estimated. 
Myer sdrssi Sipe |o2seset~-|2foes: S. 88 W.../12 Wire with bottles 
trod; GB bot.; at 400, 600, 900 
NZ; R; SV and 1,200 m.,had 
Tycos. angle 40°-45°. 
Vert; net. o- 22 600-08 | ose ee see eee ceeclonese 
botm. net; mtr. | 1, 100-0 +0) psec anette ot fel Cable (botm, and 
net. mtr. net) out 
1,300 meters. 
Clamp holding 
mtr. net at in- 
termediate 
depth slid down 
wire to botm. 
net. 
#10, 30024 5 tee Oui me cO ihe ssetyes anton» 
nes sar: Bigsaieaes ac pool N. 32 W...| 2.5 | Wire with bottles 
rod; GB bot.; at 800, 1,000 
NZ; R; SV; 1,300, and 1,600 
Tycos. meters had an- 
gle 15°, 
Ons! m1. Db ean DOtLs los coe aa |b: ade ask Jel eo] bee Cable out (9’ Tnr. 
m. b.) 2,743 me- 
| ters; fouled 20 
mtr, above bri- 
dle, causing de- 


lay of 15 min. in 
hauling. When 
net was brought 
in the m. b. 
was found in it, 
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Station : Time of Character of 
num Bearings. Chart. Date. day. Depth. hatha 
Latitude N., Longitude W. Ga S: 1919. Meters. 
C20025 | From 21 44 30 85 39 00 1007 | Nov. 22-} 9.45 p.m. 1,600 | 2.05228 2 a eee 
To 214730 #85 4400 23. to 
1.55 a. m. 
C20026 | From 21 31 00 86 08 30 1007 | Nov. 23 5.32 a.m. L745 || elscicese snes acer 
To 214100 861000 to 
10.20 a. m. 
C20027 | From 21 35 30 86 35 00 1007 |...do.....| 2.00 p.m. 36:| Col, Steceseceseee 
To 21 42 30 86 37 00 to 
4.05 p.m, 
C20028 |From 23 47 30 84 23 00 1007 | Nov. 24 | 3.27 p.m, 25842) | Td. Cn eects 
To 234300 841600 to 
8.05 p.m. 
C20029 | From 24 2400 838 18 00 1007 | Nov. 25 | 7.00 a.m. 176:), WH. Mocure eee 
To 242200 #831600 to 
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Sours rrom Norrouk, 1919, Anp Nortn rrom Norro.rk, 1920—Continued. 


; Temperature. 


24. 44 


28.5 


27.9 


Water. 


Salinity. 


Trial. Drift. 
Apparatus. : : ts 
ees 8 lg 
a = 33 3 
B | § Broce 
a a A A 
. Mirs Min. Mi. 
Dnemsar sy Sigg. soxcecec|occ sce N. 56 W 6 
rod; GB bot.; 
NZ; R; SV; 
Tycos. 
* 
VGlbe NCU & ato <5 os ODO=O os < |e se cic a ciaeecisnaicats laactee 
Mirsneloe sone. 1, 600-0 80 oa cdsccwdte celeste 
PION 20s aes ciacse || One nseee SON RS aaleo ees 
Luewesdrs Sigs.) |F-eo-ebclecse cot 
rod; GB bot.; 
IN PARE LS) ASS 
Tycos. 
vert. net......-.- BOOHO se Ales wake ocacibes oeicloocce 
botm-nHet.) sss. botm.-0 10 ee eee ee tl 
MU Hebe... -ace22 200-0. . 30) |Hestescaccas|aanee 
LOS R20. . eecaen Osean") pba oe cecaee cece |eewee 
Misare;suapstdesi| sence cise|- oes ole N.10 W...} 7.5 
GB bot.; NZ; 
R; Tycos. 
botm. net........ 25-0.... 30) |sS25 ste eee oS 
Mt nn ccc neice Ores: SOM ee siseaceccs| tomes 
OP AAY Svea ce aie aare botm.. WS esos ane ace | sees 
Fares, Sdr:;: Bigs. |eeeeccsec|laeee sce 8.53 E....| 7.5 
rod; GB bot.; 
NZ) Es Vics 
Tycos. 
vert. net........ DOO-Oealan sacs lesiwace cases les ore 
botm. net....... 1, 700-0 BUS | bacme sane sem antes 
MUL MeL. 2. sccue 200-0. . BO} cestee ds cesnlodes = 
10, oe Dea sae OP eae OUD eeaise ces awe o | oeaae 
ie sdr.;snapsldssiiteenecscs la ceace 8.38 E 24 
GB bot.; NZ; 
R; Tycos 
vert net ........<. OOO e ate ecine [nessa es caancelsiabo 
POLm. Dev... isee 150-0... A) oceanic 
MUr. NEl< 3. cu sce 50-0.... AU ERE ain 
LOL MOL ws cla sce J) ae BO orca’ cle iniers ie alee 


Remarks. 


On beginning to 


sound wire part- 
ed at old splice, 
carrying away 
Sigs. rod. No 
further attempt 
was made to 
sound, since 
deep water was 
indicated on 
chart. Wire 
with bottles at 
800, 1,000, 1,300, 
and 1,600 meters 
had angle 15°. 


Bridle of #20 part- 
ed, net carried 


away. } 
N.74 W...|/10.5 | While heaving in 


sounding wire, 
with 20 fms. out 
a sea carried 
wire into pro- 
peller, and Sigs. 
rod was lost. 
Wire with bot- 
tles at 800, 1,000, 
1,300, and 1,600 
meters had an- 
gle 20°. Stray of 
the wire indi- 
eated current 
was at depth of 
300 meters. 


Cable out (botm. 
net) 1,400 me- 
ters. 

Cable out (mtr. 
net) 400 me- 
ters. 


Cable out (botm. 
net) 40 meters. 


Cable out (9’ Tur.) 
360 meters. 

Wire with bottles 
at 200, 300, 400, 
and 660 meters, 
had angle 20°. 


Cable out (botm. 
net) 1,800 me- 
ters. 

Cable out (mtr. 
net) 300 meters. 


Cable out (botm. 
net) 200 meters. 
Cable out (mtr. 
net) 100 meters. 
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DREDGING AND HyproarRaApPnHic Rrecorps SecureED DurInG ATLANTIC CRUISES, 


Station Ti 
z ee é Datel ‘ime of ; Character of 
ue Bearings Chart ate. day. Depth portoul 
Latitude N., Longitude W. CS. 1919. Meters. 
C20030 | From 24 25 00 82 58 00 1007 | Nov. 26 | 4.00 p.m. 87 ||) whi Mees oes eee 
To 24 23 00 82 57 00 to 
5.40 p.m 
C20031 242300 822100 | 1007 |...do..... 10.00 p.m. 72)|.:. ab. Cee 
(0) £ 
11.23 p.m 
C20032 24 24 30 81 33 30 1007 | Dec. 4 eine 10015) eaeSbeees Ibn, M022 oe eae 
Co) 
11.30 a. m 
C2003Sy ate Eee he re oe anict |S SAGER Puen Dec. 5-400 225 a Oe ee 
C20034 30 46 00 81 20 00 1007 | Dec. 8 seit a.m. 13°) BE: Mit es eeee oes 
Co) 
12.47 p.m 
C20035 | From 32 10 00 79 07 00 1001 | Dec. 9} 7.50a.m, 214) pn. "M.S S- hee eeeee 
To 32 11 00 79 04 00 to 
1.30 p.m 
C20036 33 51 00 78 05 00 
1001 | Dee. 10 oe a.m. 10) 2% Sse ees 
(0) 
10.30 a. m.a 
€20037 | From 33 34 00 76 41 00 | 
To 334100 76 41 00 1001 | Dee. 12} 5.55 p.m. 210) ‘Si;'Shvaaeeee ee 
to 
9.05 p.m 
C20038 34 34 30 76 36 30 | 
1001 | Dee. 13 8.45 a.m. 16+... 28 See ee 
C20039 | From 34 25 00 75 45 30 1001s edOseeee 5.45 p.m. 316) |. 3. 2h) 2 eee eee 
To 34 47 30 75 17 30 to 
11.10 p.m 


& Time approximate. 


. 
| 
. 
| 
} 


—_ 


DREDGING AND HYDROGRAPHIC RECORDS. 158 

Sourn rrom NorFo.k, 1919, anp Nortu rrom Norro.xk, 1920—Continued. 

Temperature. Salinity. Trial. Drift. 
Water f Apparatus. gj a fs Remarks. 
: a , 8 = S 
a a : a ce) oat 
we) = vey 3 4 s 
ee: UM Ns Ue eine a 
< A a A n =) A a) i) 
°C. | Mirs.| °C. | Mirs Mtrs. | Min. Mi. 
(OS |S 3 A Rn ee Be El. sdr.;snap.ld.; | botm... 45 | S.35 E....| 2.5 | Cable out (9’ Tur.) 
9!" Tnr:, mb. 300 fms. (540 
meters). One 
side of frame 
arted, whole 
rame crum- 
pled; brought 
up about 3 cu. 
ft. white mud. 
26.11 0 |26. 40 teva Ol] rey cca b artes ot: fol Us eh amen aa el ee Re Se a ooo 
10 |25. 91 10 (36. 02 GB bot.; NZ; 
30 |25. 86 30 |36. 02 R; Tycos 
60 |24. 22 GOS tisal aeeroenll 6 hs ce meni (COO net al sotis ceiateee asec come | ear 

HDatmenet 2.2 se 5OLOM calle C80 bes eeeeeeelleceee Cable out (botm. 
net) 60 meters. 

THU MDOUS 22525 LOCOn eit We SOs seme cece ctelte seers Cable out (mtr. 
net) 30 meters. 

TOR R20. Oo ae SOSA eee tnc |b sO" |2 tastes ic cea 

2d da SSP 8 a Be Pea Be S57sbrerlveese. cones ss od Ro coe el eae | WOM AUIS wae 
trawl towed by 
motor launchin 
bight below 
Cape Canaveral, 
Fla. 

Be BORE Ae PERE AR ORC ee) Saeroa Bepac Ome coos sd Ovcc beau edalacecaecc ates seeee|| Metnangines ars 
bor, Fla., after- 
noon. 

23.33 0 |17.78 10) ite (aetsretz yop) Co lee ie oo oe oe ees | meoe 

10 |18.42 GB bot.; NZ; 
R; Tycos. 
Hotm. Neta---=--|| Horm —OjlN) SOs one eee eel sece .| Cable out (botm. 
net) 30 meters. 
LOM E20 Steere cteets | Oces Seal wus SUN peer es atetetratwial [ee crate 
23. 89 0 (22. 70 DINGO ns Shi ap Ges |aeen nee eae eee eee eee sere 
50 |22. 46 GB bot.; NZ; Tow; N. | 6.5 
100 |15. 56 R; Tycos. 24 W. 
150 |14. 28 FAT rel Soe ea 9 ofc} nce ee (a ms Al Pree eee ete Cable out (5’ Tnr.) 
200 |13. 21 300 fms. (540 
meters). 

NOONAN SE se eee DOUG) PL20i)sc.8~cscecs|acone Cable out (75’ 
fidr.) 325 fms. 

; 5 (585 meters). 

23. 33 0 {15.30 1B bot.; NZ; R; Anchored .}..... Temps. at ship’s 

10 |14. 49 Tycos. anchorage. 

SH SAT SET) Susttae ls ob acebek all eae sicc |e be -oe-aoeal sea Trawl towed from 
motor boat dur- 
ing morning. 

23. 33 0 |21.90 El. sdr.;snap.Id.; Tow; N 6.7 

Tycos 
MONO? 2c. caciase | DOuM ee. |e ODN seeeeece toate eaters Cable out (75' 
fidr.) 325 fms. 
(585 meters). 
20. 56 0 \14.10 GB bot.; NZ; R; Anchored .|..... Temps. taken at 
15 |13. 23 Tycos. ship’s anchor- 
age. 
35) shreitrlsceeseale ss eo aeal ee eee | tate aoe eels olan | Trawltowed from 


21. 67 


El. sdr.; snap. Tow and /31.3 
ld.; GB bot.; drift; N. 
NZ; R; Tycos 46 E. 

100 fdr... 3. sscees 


| motor boat dur- 
| ing morning. 

| Wire with bottles 
| had angle 15°. 


.| Trawl showed 
no sign of hav- 
ing been on bot- 
tom; sounding 
at 10.30 p. m. 

ve 600 fms. 
upposition is 
that first sdg. 
was incorrect. 
Cable out 325 
fms. with trawl. 
-| #20 net fouled 
in cable carried 
away. 
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DREDGING AND HyproGRAPHIC RECORDS SECURED DuRING ATLANTIC CRUISES, 


Station 


P Time of Character of 
num. Bearings. Chart. Date. day. Depth. bottom! 
Latitude N., Longitude W. CFS; 1919. Meters. 
C20040 35 16 30 75 25 00 1001 | Dec. 14| 9.10a.m TO eye Ss.eMioe eee 
Or 1920. 
C20041 | From 37 50 00 74 06 30 1411 | Feb. 20 | 2.35a.m 165"). Sse d cae ee see eeeeee 
To 37 60 00 74 02 00 to 
7.12 a.m 
C20042 | From 39 00 00 72 56 30 1411 | Feb. 20-| 9.35 p.m 202:)|Shi...ws-eeceseete . 
To 39 01 00 72 49 30 21 to 
1.00 a.m 
C20043 | From 39 36 00 72 04 30 1411 | Feb. 21 7.18 a.m 200! |i: SSeecte cet osasigieuen'e 
To 39 34 00 72 00 to 
10.55 a. m 
C20044 40 07 00 ~=68 03 00 1411 | Feb. 22 aoe W828: eye Micececes eases 
Co) 
5.00 p.m 
C20045 401800 68 09 00 141k4| seed OFse2= 5 a 1557) ‘Shiu.act-eeeeaes = 
3 : 
7.45 p.m 
C20046 40 37 30 = 68 20 30 1411 |...do..... 10.20 p.m. hl Be aegeicecciccce sooac 
to 
11.40 p.m. 
C20047 41 08 00 68 34 30 1411 | Feb. 23 428 a.m. 54 | 'S.,, Sha 22-5 stesteress 
(0) 


5.45 a. m. 


DREDGING AND HYDROGRAPHIC RECORDS. 
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SourH rromM Norro.k, 1919. anp Nort rrom Norrowk, 1920—Continued. 


Temperature. 


Salinity. 


50 | 8. i 
100 | 9.05 | 100 (34.36 
150 !10. 20 150 |34. 72 
2.78 0 | 5.56 0 | None 
50 | 6.12 20 |33. 45 
20 | 6.37 50 |33. 55 
100 | 9.47 | 100 |34. 43 
150 |20. 60 150 |35. 16 
200 | 8.87 | 200 |33. 64 
4. 44 ON 76s 56) |S 2 he tee As 
20 | 5.61 20 |33.12 
50 | 8.50 50 |34. 20 
100 {11.45 | 100 |35.05 
150 |11.35 | 150 |35.30 
200 | 9.87 | 200 |35. 21 
9. 44 OO 4544 te. secltee Fes 
50 | 9.76 50 (34. 45 
100 |12.39 | 100 |35.18 
200 |12.39 | 200 (35. 27 
300 |10.91 | 300 /35.32 
500 | 7.24] 500 |35.00 
1,000 | 4.21 1,000 /34. 90 
1,400 | 3.92 {1,400 (34. 92 
1, 800 | 3.62 |1, 800 |34.90 
9. 44 0 | 5.00 0 (32.34 
20 | 4.59 20 |32. 92 
50 | 9.40 50 (34. 42 
100 |12.35 | 100 |35.34 
150 |11.55 | 150 /35. 25 
3. 89 0 | 5.00 0 |32.34 
10 | 3.37 10 |32.38 
40 | 4.50 40 |32.77 
50 | 7.11 50 |33. 76 
70 | 8.03 70 |32. 63 
2. 78 0| 4.44 0 |32.39 
Be eae tee oo 20 |32.38 
Ae Lea 38 50 |32. 47 
i | | 
| 
} 
| 


Trial. Drift. 
Apparatus. af d 3 Remarks. 
‘ 2 A=) Q 
sie] 8 [8 
S 3 5 2 
A A A fa) 
Mirs. | Min. Mi. 
GR ote INZt een| cn sce cls cae ee Anchored.|..... Temp. at anchor- 
Tycos. age. 
HSE SOPs) SHED ee eats lene aces Tow; S.88 | 4 
ld.; GB bot.; gE 
NZ; R; Tycos. 
SOSHorss. O28: botm 1 eee | (BS ae 275 fms. cable out. 
SEO at aichetarree aes Oe cet 60) Ae cn colar ee #6 badly torn by 
wind. 
LO} REGUL SPM) ofbal F eR et tasers | |e eae | la 
ld.; GB bot.; Tow; N.80| 6 
NZ; R; Tycos : 
Io Vala i oe botm GO) erect ctersc arse line ates Ring on port 
ChE: >. Ree ee board of trawl 
carried away; no 
catch; 275 fms. 
cable out. 
Bisgsdrs snaps assoc. |seoseee Tow; 8.55 | 4 
ld.; GB bot.; 
NZ: R; Tycos 
SViCod See botm. 1? Ue ae oi eae [cle Oe 
+ 7, ey Re eS al la ey BOK 2 seco cs oes |e 
DAY Cos asa UBT S) Crs Be SC a [ere ed (a er a On ist sdg. wire 
rod; GB bot.; parted; 330 fms. 
NZ; R; Tycos. wire and sdg. 
rod carried 
“away. Wire 
bottles at 500, 
1,000, 1,400, and 
1,800 mtrs., an- 
gle 55°, with 
bottles at 50, 
100, 200, and 300, 
angle 45°. 
Veru.lete... cane 1 200-02 | osm ape bwieeminrae ctetna| seine 
botm. net....... 600-0... RN eS ee A ie te been! 
Mtrneren. cao. 100-0... SO Re ose os rae eee 
ies 7 oe ee Se Ones. 1) ee eae al |e ae 
RISES Onan alee aooooeelaeciesee came ace naoaleeeee 
ld.; GB bot.; 
NZ; R; Tycos 
vert. net... .....2 DOOR Ore S| Sian coamra|byarcraie's ore cereal Mecsas 
[era es brie) pened ele See oe BO) ee eee ea Gee 
MGT IDG eae cee cerca Fs) ee ete la 
pit. Ug Bee es (eee Se SOU ae a alta 
PASOr-s (SNADS Ae see oes oletee oe oleer acess eae 
ld.; GB _ bot.; 
NZ; R; Tycos 
Vert. TIBtt...22.246 60-0525. | scaae a|inewere wee ce eelleseee 
botm. net.... 22. 60-0 SO ees cme oe sealer © Cable out (botm. 
net) 100 meters. 
# POND a cic coe Oeen o 5 On a ae eee Pepe 
Le Stirs “SNA Dean. .cacollsce ccna ome seas [Ceara At this and all 
ld.; Tycos; GB succeeding sta- 
ot. tions in Gulf of 
Maine and en 
route to Balti- 
more sounded 
with sinker at 
end of }’’ wire 
st ’b’d. winch). 
herms. were 
inadvertently 
reversed (by 
whom could not 
be ascertained) 
before readings 
were recorded. 
Vert. note sec. 2 1 USE ae eaee Bf RAPPERS A ao 
botm. net........ botm OO) 32k. uae ee eee Botm. net full of 
sand. 
re” | ae, eB (1 beeen SO) Je 52 3 cee 
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U. S. BUREAU OF FISHERIES. 


DREDGING AND HyprograpHic Recorps SecureD Durinea ATLANTIC CRUISES, 


Station 

num- Bearings. 

ber. 

Latitude N., Longitude W. 

C20048 41 41 00 68 49 00 
C20049 42 30 00 69 34 30 
C20050 42 30 00 70 18 00 
C20051 42 30 30 70 08 30 
€20052 - 42 43 00 68 41 00 
20053 | 424500 67 28 00 


1411 


941 


941 


941 


941 


Date 
1920. 
Feb. 23 
eee Osewae 
Mar. 1 
Mar. 1-2 
Mar. 2 
Mar. 3 


10.45 a.m. 


12.35 p.m. 


2 


Ta 
PS So 00m~~Ay 


a 
_ 


RAWNOSSSSSOAHSOMSOSARSSOAAS 
PINOy) SOOT ESTES SOG poo) eS SSS Ores 


LP PReH Re RN NONNOWOWOWDWUN EE 


ad 
ROM ose So Sa Cpe eee ROE en 


oo 
ee Al 


Depth. 


Character of 


bottom. 
Meters. 
170. 4g Me eee 
PLONE Fe a dO. 22 Caeeeee ee 
176! \ ale cierm ste b ealacie che Sette 
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Sourn rrom Norrotk, 1919, ann Norta rrom Norro.k, 1920—Continued. 


Temperature. 


Water. 


Salinity. 


2. 78 0 


6.7 0 


0.0 0 | 2.78 
| 20 ]|.2.20 

40 | 2.34 

100 | 2. 28 

150 | 4.96 

225 | 5.39 


Trial. Drift. 
Apparatus. 7 ‘ 
iy fia ey Nae: 
Tae Al ime: an 
a 5 5 Q 
A QA (=) A 
; M. Min. Mi. 
El. sdr.; nee: Eee). 5 cle dewee 3( 4 tinea. Sak in| 
ld.s | 
NZ; R; ye0%. 
vert. net... 170-0... 
atin Neb se Eee 
Mur meve safe ees eee 
IN) £2 8 cies yee (ee See 
aSdmemsrapes eeeo teak 
ld.; GB_bot.; 
NZ; R; Tycos 
VONu. Molt... sce 200-0. |. sce tke eee ape ee 
botmenst.<.-2 22 - 200-0... SLUM eee Sees | eee 
mtr Net. ttle. 50-0. . iy es ee Cee eee 
| 
LOS OO see Ole: 1 Oe ME Sd) OS 
ay MOUS NZS es ee en eee eh. aa chee er 
Tycos. 
vert. neti. <2 2... 150-0... De ee ee 
MirsMoetescessse 75-0... 30) Pes ae ae 
BLOB 20 Ne 2) cone Le eat CU ee Sar | |e 
Anchored. 
Current. 
Bsmt he 
13.0 | ENE.. 0.5 
T2087" \) Wi-=-- 0.5 
1556 Wier soeee 0. 97 
1306) |S Wisse s- 1.10 
11.8 | WNW. 1.10 
11.7 | WbyS 1.30 
DS 2 MN Wiese ek 0. 70 
11.3 NW.. 0. 70 
10.5 | NW.. 1. 20 
11.4 | NW.. 0. 70 
11.0 | NW.. 0. 50 
11.3 NW.. 0. 60 
aT Ra) 9) | ee eee 0. 60) 
11.5 Hee hee 0. 60 
ROMS) sat lid Se meee ea 0. 70 
11.3 NE by E..| 0.60 
11.0 | ENE..... 0. 50 
b TPES ooh a fh ee eee 0. 50 
THIS) A] Mupch ee as 0. 60 
11.0 | ENE 0. 50 
1101) |) BSH 0. 50 
10.3 Nis. 0. 60 
LOSG) See cs 0. 50 
CE a eater ae oes Latent 
Heng al Seneca entreaties erect 
OEE Le (1h pen DSTO) has ee 
Ee ee LAU US Ts ed (ess Spel Fe Da jake 
Gee bots? NZeeseesa-ectecwccleccacee ses b epee 
Tycos 
Werb. NGG. Jo. caee PATE). ap kt =i i arama Kean 
GIR Cbs sce ans Be awa! 3 CC Re a te 
HOO F100. 5 teen [i Bed eee 6) | eee es I Ic 
celsg, net.......... ets 2 Re ee ec 
"TT Sea os 2 | ae 71h) ok ARIE 5%. 


Remarks. 


Cable out (botm. 
net) 300 m. 

Cable out (mtr. 
net) 150 m.; net 
carried away. 


Cable out 150 me- 
ets angle 60°- 


For this station 
the ‘‘direction” 
is magnetic 
and that from 
which current 
flows; ‘‘dis- 
tance ”’ ‘is ve- 
locity of cur- 
rent in miles 
per hour. 


Cable out (clsg. 
net) 200 meters; 
successful haul. 

Mtr. net carried 
away; cable out 
125 meters. 


..| Cable out 250 me- 


ters. 
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U. S. BUREAU OF FISHERIES. 


DREDGING AND HyproaraPHic Recorps SecurED Durine ATLANTIC CRUISES, 


Station 
num- 
ber. 


C20054 


C20055 


C20056 


C20057 


C20058 


C20059 


C20060 


C20061 


C20062 


Bearings. 


Latitude N., Longitude W. 


43 15 00 


43 42 00 


44 05 00 


43 21 00 


43 41 00 


43 25 00 


43 02 00 


43 00 00 


42 26 00 


42 20 00 
42 17 00 
42 12 00 
42 06 00 


67 45 00 


67 55 00 


68 08 00 


68 58 00 


69 38 00 


70 12 00 


70 11 00 


70 42 30 


70 40 00 
70 07 00 
69 06 00 
68 10 00 


941 


941 


941 


941 


941 


..do 


Mar. 


Time of 
day. 


Depth. 


230 


100 


130 


95 


98 


175 


50 


Character of 
bottom. 


gy. Meee oe eee 


S:,\Sho 2c. .-eeeoe 


gy.gn. M.andS.. 


BY Meo ee ence 


Lesa Go: 5.2 5.deeaes 
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South rromM Norrotk, 1919, anp Nort rrom Norroik, 1920—Continued. 


Temperature. | Salinity. 


Air. 


plat 
3.9 


3.9 


3.3 


4.4 


6.1 


5.6 


5.6 


6.1 


6.1 


Water. 


S | Temp. 


SU OT bet tet bet BS 
SSISLSQ 


Sexo 8e8ax— 


SERS Bo ORSBNS 
Bye 


RSS8s5 SENS 
BS 539 


& 
ih ROO OO ON 
RSSASSAVN 


51700°—21——18 


Apparatus. 


Trial. 
qd 
‘ ° 
€ | 3 
o EI 
a =) 
M. Min. 


Drift. 
oye 
28-8 
a a 
a = 

Mi. 


Remerks. 


Clsg. net sent 
down, but failed 
toopen. Nosam- 

le at 250 m. 
ample taken 
later at 225. 


Cable out 150 m. 


Cable out 210 me- 
ters. 


Open haul with 
elsg net. 


Do. 


Open haul with 
clsg net. Cable 
out 45 meters. 


Open haul with 
clsg net. 


Do. 


Deepest temp. re- 
peated as check. 


Open haul with 
clsg net. Cable 
out 40 meters. 


E Alkalinity: Surf. 


end 190 meters, 
‘. 


Cable out (clsg. 
net) 200 me- 
ters, angle 20°, 
touched bot- 
tom. 
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U. S. BUREAU OF FISHERIES. 


Station : 
num- Bearings. Chart. Date. 
ber. 
Latitude N., Longitude W. EEO: 1920. 
C20064 42 20 00 67 13 00 941 | Mar. 11 
C20065 41 55 00 66 53 00 O41 Eedoecces 
C20066 41 34 00 66 45 00 Ode eee dosesn 
C20067 41 15 00 66 31 00 941 | Mar. 12 
C20068 41 02.00 66 20 00 941 |...do. 
C20069 40 47 00 66 08 00 941 |...do- 
©20070 42 03 00 66 15 00 941 | Mar. 13 
C20071 42 19 00 66 02 00 941 | Mar. 13 
| | 
| 
C20072 42 36 00 65 50 00 940 heedosen ws 
| 
| 
€20073 43 30 00 65 06 00 941 | Mar. 17 


10.00 a. m. 


75 


191 


Character of 
bottom. 


[pe 


’ 
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Sourn rrom NorFo.k, 1919, anp Norra rrom Norrowk, 1920—Continued. 
Temperature. Trial. Drift. 
; Apparatus ; re z : Remarks. 
= ee s 3 g 
& B | & g = 
a 7) = — — 
2 n a A A fa) 
ah: C0; M. Min. Mi. 
8.9 3.50 Gib bot.s) Neel sass. |)... at. [eile - Bo ca eee Alkalinity: Surf., 
2. 80 Tycos. 7.9; 330 meters, 
2.73 8.0. 
3.18 vert. net........: 
4. 26 Gls net~oo2. 4-68 
4.32 HOU; HOR us cece 
4. 24 elsg. net, open. - - -| Open haul with 
4.02 elsg. net. 
ae 3. 61 Cdl 5 gl) OC ARE NA | RRSP | a et | a a ane ie Alkalinity: Surf. 
2.97 Tycos. and 180 meters, 
2.95 93 
2.73 vert. net......... 80-0 Soc lee comet asia cess eleretac 
mtr. net......... 40-0... . 510) ese neseeen Daeae Cable out (mtr. 
net) 75 meters, 
angle 40-45°. 
BO PIOS cone! (Wasted SOY ee Bares caloeees 
8.3 3. 33 tots: INZ | See scale cata aenmeos gees ieebsoe Alkalinity: Surf. 
2.78 Tycos. and 70 meters, 
2.73 7.9. 
2.53 vert. net. js -....: MOO etalk ne al ecice a aisle (hal ee ree 
Mtr. met. - = 2522.2 60-0.... BOO zetia asta ae alos ae Cable out (mtr. 
net) 70 meters. 
PON PTOSE cee Osea B0i |e eee sucke 
S04%cod a es botm... (570) Wehr PE 3 ake = Several ripe had- 
dock taken. 
8.3 3.05 GoEMDOt RN Gey | ec aae seen ek Cees seen e Alkalinity: Surf. 
3.07 Tycos. and 90 meters, 
2. 83 7.9. 
2. 80 VWerU. Nets: 55-5. 32 Als Ss eee, Al a eee eee | ene 
mitrmets. 2-2). 50-0. ... 210d ee eee rl A Cable out 90 me- 
ters. 
POOR FIO Mas res OME as ADE pees Seventies 
9.4 3.33 GIB ap bOtles AN Ar eco! ne] cw cai 4 ee see See ie we os Alkalinity: Surf. 
2.90 Tycos. 150, and 190 
2.92 meters, 7.9. 
3. 56 wertinet:---2...2- PGS! AVA ee ys Sc leper 
4. 40 MACE IGG som oo |\an Satine BI Paeenceorcer j.-.-.| Cable out 150 
4.92 meters. 
#20, Ries Pe eee OAreE 301i) See ena ee ; 
Ti-1 3. 33 EOE MOL ah IN Zion fetes real ae cook abot ee ee Sc Se] a ROE Alkalinity: Surf., 
3.11 R; Tycos. and 1,000 me- 
7.09 ters, 7.9. 
7.01 celsg. net, open. -.|' 1,000-0:).......]..-.. gewtonal steer Open haul with 
5. 92 elsg. net. ; 
4.73 Mtr. Nets.2<<..- 500-0 = PRS oe eames ras (ria 
4.32 #20) #10. 3 2-52 Ors tsces 0) eee eee! [rye 
4. 26 Between stations 
3.77 20069 and 20070, 
Mar. 12, at 7.00- 
7.20p.m., towed 
#10, ship slowed 
| ’ down. 
9.4 3.05 GB, ibot:;: NZealegase oc | ace | [Pape ae eo aes Sea too rough to 
2.78 Tycos. | risk large nets. 
| 2.74 #20) P10: 22 cee WOer eho TOO lnaasene eonalae sc 
2.59 
10.0 3. 33 GiB bots; “NZas aes. oo ols Gaal ae eb cetnt ae le yarare 
2.90 R; Tycos. 
3.15 vert. net... 
6.48 #20) #10. sae 
6.85 } 
6. 84 
, 9.4 1.95 (hy ethobise “IN Crate eieee ek ee ocak Lal aioed Sea too rough to 
1.88 R; Tycos. risk townets. 
2.14 Alkalinity:Surf., 
f 3.40 | Se 90 meters, 
Vere, NOt. 2. 2-6-- TiS MS SA Peers (8 
11.1 2.22 ENO Ls  NGt Mae ere sats = osdice | sc<ns's + = 4 waleaaue Alkalinity: Surt., 
2.10 R; Tycos. 7.9. 
2.10 vert. net....-.... US a (REE, Se) Pe ee 24 
2.52 rap L Uc aoe a aete Geers 255 BO cds wd ou ae eeerae 
os me de eee 70-0. . | ee . 
4 
$4 
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U. S. BUREAU OF FISHERIES. 


DREDGING AND Hyproarapuic Recorps SEcURED DURING ATLANTIC CRUISES, 


Station 
num- 
ber. 


C20074 


C20075 


C20076 


C20077 


C20078 


C20079 


C20080 


C20081 


C20082 


C20083 


yee 


Bearings. 


Latitude N, Longitude W. 


43 18 00 


42 55 00 


42 33 00 


42 24 00 


42 58 00 


44 21 00 


4¢ 21 00 


44 08 00 


43 54 00 


43 41 00 


64 58 00 


64 36 00 


64 30 00 


64 19 00 


65 48 00 


66 37 00 


67 37 00 


67 26 00 


66 53 00 


66 21 00 


Chart. Date. Time of Depth. Character of 


day. bottom. 


; 1920. Meters. 
941 | Mar. 19 | 10.00 a. m. 160). coe celoeeeae ee eee 
to 
11.28 a. m. 
94159. -dOse ss 2.28 p.m. 95 | .pasniteascoseeenet 
to 
3.47 p.m 


941 Mar ae: 9.50 p.m. UMN Pecnacreosscoedcied 


to 1000 
12.30 a. m. 


941 | Mar. 20 | 8.39a.m., 170"| = 2 eee 
to 
9.50 a. m. 


941 | Mar. 22 | 12.35 p.m. 210 | rd:\@-- 2 eee 
to 
2.55 p.m. 


aap 


941 | Mar. 22-| 11.10 p.m. 
23. to 206 
1.15 a. m. 


941 | Mar. 23 | 4.504. m. 


941 |... <do...< < 9.00 a. m. 
to 
10.07 a. m. 


ee. 


—— 


DREDGING AND HYDROGRAPHIC RECORDS. 163 


Soutsa rrom NorrouK, 1919, anp Nortu From NorFovk, 1920—Continued. 


Temperature. 


a 


Dept 


Apparatus. 


3.9 


2.8 


5.0 

2.2 
7.78 
5.56 
5,56 

1 


6.67 


7,22 


B3euo8 


SEB8o 


Sr > SO bet A Go OG 00 St Fs 
SSHIESSISVE SSBSRVSISKSSSSSSR 


POND NLP 


elas 
BSS 


pated gel ns tom 
LORVRaS 
SABHA H 


GB bot.; NZ; 
R; Tycos. 


mtr. net 


Trial. Drift. 
: Remarks. 
g gE -he 
a} 3 8 
= & a 
a a A A 
M. Min. Mi. 
Uh ies saeiel als axivec|aies oUer eee esfaeare Alkalinity: Surf. 
and 150 meters, 
7.9. 
NOOO oS Sseeclsosocckessasn|o cece 
125-0... OU eres aes Cable out 160 me- 
ters, angle 40°. 


Alkalinity: Surf. 
and 90 meters, 
8.0. 

Angle 20°. 

Cable out 100 me- 
ters, angle 40°. 


Open haul; cable 
out 240 meters, 


angle 65°. 
mtr. net......... 70-0.... 6 UA beoseeemobenl ose. Cable out 140 me- 
| ters, angle 65°. 
Bee Sener e beecebaee BON ee ecusi eset ete 
BU DOGs) UN Zi hee cose oclawenreae access eins e|s aries 
R; Tycos. 

clsg. net, open. ..| 800-0... BO) Essie ccetes|lseces Open haul with 
clsg. net, cable 
out 1,500 meters, 
angle 60°. 

More Metres saesses 500-0... BO) | Nectecstaseectlecen Cable out 1,000 
meters, angle 
60°. 

20, ie Ce cometece (eséscec SO) sanemesececielasaas 
BY bobs) NZ |e cc aonce] o:creternioea weeierets sarstavarel| bref Alkalinity: Surf., 
Tycos. 8.0. 
ie Bast becee sens 110-0... BO} stowtein cer sisictee | eros 
OT FIO RS cine Outse sai SO) lection scuek |aamee 
GBAbOLs ON Zee ete tceel Scsicceh [nece coastal setaee 
R; Tycos 

VOrtnnets: -<.. 252 21O-O ses |saietione|secies scene clecees 

clsgo nets. 5235: {eee QE i ecsiceeasa| teens Cable out 200 me- 
ters, angle 20°, 

S20 SILO ore oar (ee ADL 22 sern2siecacelsceee ~ 

clsg. net, open...} 180-0... 30), | see SEY See Sees Open haul; cable 
out 200 meters, 
angle 20-30°. 

GB @bot.5/ 4 NZ}}|--p shee. [kc coeee |e. bee esas [sees 

Tycos. 

vert. net... 2... BO=O0 sis Seresoet |seiswioaleaeee alae 

Mtr. Not. 326.65. 30-0... 30) | eceiece sss eal toose Cable out 50 me- 
ters, angle 40°. 

Og. 5 Ose - 30) [Sob seretisacl oom! 
Bp bots (NZSiRe sac ece eon nee ee iecse 
R; Tycos 

vert. net......... BOUKO sah ttc andere | tacass ccnceleciee = 

Clse. nets} 32252: 1705. 2k. SON ESS. ec catecnleosce Cable out 200 me- 
ters, angle 30- 
45°. 

890 310. .: 5 eee Oe s2 ly | ERS sen eee) be SE 

mtr. Net... ca .cue 160-0... UP ence oe wes onl eeee Cable out 200 me- 
ters, angle 40°, 

CHS ai io) oe ee al ee ee red Alkalinity: Surf., 

R; Tycos 7.33 

vert. net......... MAO se cl ecicccce| ste teecceees|ea cee 

WU, TOL 2 oansene 70-0.... OO Sascoc ace vel pees Cable out 110 me- 

ters, angle 40°, 

#20, IO: do ccceaee 1) SO) | oso wm. sows emeae 

VL RS "| oy | Dee! (et Pi Alkalinity: Surf., 
R; Tycos | fe 
vert. net......... Bia dates [secs aoe | a'a'cs,.c c1si5.0 ta eee 
382.54 | mtr. net......... 30-0... .! > 3 ae mere | PE Cable out 40 me- 
ters, angle 20- 
40°. 
a0, LOS occ. aeets sions ces OG! fesspaenceupsl «anes 


164 U. S. BUREAU OF FISHERIRS. 


DrEpGiInG AND Hyprocrapuic Recorps Securep During ATLANTIC CRUISES, 


Station 
num- Bearings. Chart. Date. 


Time of Character of 
im day. Depth. 


bottom. 


Latitude N., Longitude W. Cc. 8. 1920. Meters. 
20084 43.1800 66 09 00 1106 | Mar. 23 | 2.00 p.m. 55 | ae te ASS. 2 


20085 43.1700 6633 00 1106 |...do.....| 5.15 p.m. 70 |. ae eee 


20086 431030 67 12 00 LOGEISS2dos-2-. 9.30 p.m. 176:) -hcctc asec ese ° 


C20087 42 3700 69 27 00 1106 | Mar. 24 | 3.50 p.m. 255)! gy.) Mi Sees cee 
to 
5.30 p.m. 


20088 42 15 00 69 54 00 1106 | Mar. 24 | 9.40 p.m. 180 


C20089 42 26 00 70 42 30 1106 | Apr. 6 | 3.17 p.m. CU BE Roce soocene Sabas 


€20090 42 3000 7019 00 1106 | Apr. 9 | 10.15 a.m. 1G E Bopiescoctne oad: 


C20091 42 4300 70 22 00 TLOGH ee Gesee= 1.50 p.m. 60). oo ene lee 


C20092 42 49 00 70 37 00 1106) <= sdovse.. 5.03 p.m. 85 |... ce snes eects 


C20093 42 57 00 70 07 30 LOG} A dohssee 10.30 p.m. WU | BS See ecSoscdcn 


C20094 43 08 00 69 39 30 1106 |} Apr. 10] 3.00 a.m. a SS dodsec RHeode Sor. 


DREDGING AND HYDROGRAPHIC RECORDS. 165 


Souts From Norroukg, 1919, anp Nortu rrom Norrovk, 1920—Continued. 


Temperature. Salinity. Trial. Drift. 
Water. J Apparatus. : re P Remarks. 
. és HU RRE: hae: 
= oe te A a 
sle|e|e| 4 ay eee | chee 
< Q a =) Dn = A A A 
2G. Mi | °C. | MG M. Min. Mi. 
8.33 ULI Ie a BE O SR AIG NL Gibmbobis a IN elie sees oc). os 20) ed eb sus ae. clone 
20 | 1.74 20 |32. 16 R; Tycos 
50] 1.81 50 |32.23 | vert. net........- BOD weve botees les es~cncecouleemes 
Mere Debeccvessse 40-0... SOIR Oe ce hee tea Cable out 50 me- 
4 ters, angle 20- 
ADP 
BOD HID as oon s UE ee 30) | $aee ee ore 2 eae 
8.89 OR er BO) | soek sikcset C1 5 0b 0) 9) RR A (ae aE Le) ee ee (ee Alkalinity: Surf., 
30 | 2.40 30 |32. 63 R; Tycos. 7.9. 
70 | 2.43 70 |32.63 | mtr. net......... 60-0... . AA esa eee bots c Cable out 70 me- 
} ters, angle 30°. 
AO oe INO eee a BT ees Se | ee 
8.33 1 esa) Ge) FS ee oe PB DOE: UND Neate cele eae ee Se ee ee 
20 | 3.40 20 |33. 10 R; Tycos 
40 | 3.39 40 /33.10 | vert. net......... OHO rs hes eA e pennies Shon 
100 | 4.29] 100 |/33.63 | mtr. net......... 150-0... 30) ese ee eae eee Cable out 170 me- 
170 | 5.01 | 170 |34.00 ters, angle 30°. 
OO AOE gets 2! oe OuOue SH [eee ew Se lies as 
11.67 0 | 3.05 QO) 132:49) Gib bot) PNG ile ee ise Oe as ae eee eee Alkalinity: Surf. 
20 | 2.74 20 [32.56 R; Tycos. and 250 meters, 
40 | 2.74 40 |32. 54 79: 
100 | 2.80} 100 /32.63 | vert. net......... QbORO Nae Lise cise lee soe eters 
$50) /°5.37 | | 150)/33.:53:] mtr. neti..-..-.- 200-0... SON ees ee eee Cable out 250 me- 
200 | 5.39] 200 |34.05 ters, angle 35°. 
250 | 5.06 | 250 |34.22 | clsg. net......... OnE eee BOK Save, Ae eee Cable out 125 me- 
ters, angle 35°. 
BOD TOURS ae oe Or Sell ie eee ETN ae 
8.33 0 | 2.50 ON S25SH LG Bam bot PEN eel Oo eees once cas] S keh bee eek oc | oes 
20 | 2.20 20 |32.39 R; Tycos. 
40 | 2.20 40 |32.44 | vert. net......... 160-0 salen are ee scan feces Cable out 150 me- 
100 | 3.61] 100 |32.92 ters, angle 35°. 
180 | 4.97 | 180 |33.58 | mtr. net......... 125-0... SOND een as eee 
P20 IO RCas eae Olea. SO) es eee oS ee P 
5. 56 0 | 3.05 81525) KGB aibobey NZ. es oc sos cel ee ei eters Sere oe fe sles Alkalinity: Surf., 
10 | 2.39 10 |31. 26 Tycos. 7.95. 
25 | 2.31 2bilal.a0 | vert. mete: .....2< 6020s eee Seale nisade nee n ae lace 
60 | 1.49 60)132. 31, amtrsnet....-- 2 50-0.... SOE eee eee Cable out 60 me- 
ters, angle 30°. 
ECON TELO eto s a ntact Quer sees SO! poe aes cena ae ests fea 
4.4 0 | 3.33 Ois2ss6. ne DObtes AINE boots oes lees dese leoaee cee ola Alkalinity: Surf. 
10 | 2.50 10 |32. 34 R; Tycos. and 120 meters, 
30 | 2. 42 30 |32. 34 7.9. 
90 | 2.34 90 |32. 47 | vert. net......... i gel a Bey aie Pere emer 
120 | 2.25 | 120 |32.48 | clsg. net......... COME 30) eee Re Cable out 75 me- 
ters, angle 35°. 
$20, mtr. net..... (ae ee BO eeene seek ieee iy 
6.1 0 | 3.33 Ouse WG: Bs spots UNG ststee ce lsceecc lant ese renee (a ae Alkalinity: Surf., 
20 | 2.48 20 |32. 08 R; Tycos. 8.0. 
2.50 60 82.45 limtr. nets... ....- 30-0... BO aes ae tee eal emer Cable out 40 me- 
ters, angle 40°. 
#20, mtr. net..... 0......- 1d BSS sce SSies bsocs ay 
5.6 0 | 3.05 OusiGiUiNiGBebot.? "NA ube sssce clea sceclaanceesUeees ..-.-| Alkalinity: Surf., 
4 el ie (as el ee ee Tycos. 7.95. 
BO SAO oni onc] acictes VOIt. NOtis..<.05 20-0. sala lle chaos sees lame es 
SO 2asbalcuseee|ases- (75) BOL .|\.252eeu0 botm... (70 ees ees Be ree out 270 me- 
4 | ers. 

#20, mtr. net..... Dias ece BOK eee Se ee eee Mtr. net full of 
trash, was out 
over again. 

3.9 0 | 3.05 Djs G2 eG BS!  Dot.s PON Aga ee eee ae al cise was secs ose | nee 
20 | 2.42 20 |32. 02 R.; Tycos 
40 | 2.26] 40 |32.35 | vert.net......... el RE ee eae Pee 
100 | 3.59 | 100 |32.81 | mtr. net......... 125-0... 217 Jt |S pe a RES | Cable out 150 me- 
160 | 4.29 | 160 |33.10 ters, angie 30°. 
#20, mtr. net..... (Sa are ls SOAlewa c= ase alee ote 
3.9 0 | 2.78 Oaecto |) GB: bots Nasatheccsestell-cc-<ic. ie bee oes Jeeta 
20 | 2.34 20 |32.17 Tycos 
40 | 2.46 40 |32.41 | vert. net......... CST A Ee se eee ee 
90 | 2.82 90 |32.56 | mtr. net......... 55-0... OU aceeucatees lee Cable out 70 me- 
| ters, angle 35°. 
20 810.2. eae ASE BO cus cs enka ere 
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DrepGine AND Hyprocrapuic Recorps SecuRED DuriInGé ATLANTIC CRUISES, 


U. S. BUREAU OF FISHERIES. 


Station 
num- 
ber. 


C20095 


C20096 


C20097 


©20098 


C20099 


C20100 


C20101 


C20102 


C€20103 


C20104 


C20105 


Bearings. 


43 25 00 


43 40 00 


43 19 00 


43 42 30 


44 15 00 


43 53 00 


43 42 00 


43 20 00 


43 13 00 


42 58 00 


Latitude N., Longitude W. 


70 12 00 


69 37 00 


68 54 30 


67 55 00 


67 53 00 


67 26 00 


66 51 00 


66 21 00 


66 36 00 


65 59 00 


65 58 00 


Chart. 


C.S. 


1106 


1106 |-- 


1106 


1106 


1106 


1106 


1106 |.-- 


1106 


1106 


1106 |.-. 


1106 |... 


Time of 
day. 


9.30 p. 
to 
10.45 p. 


2.15 a. 


Depth. Character of 


bottom. 


DREDGING AND HYDROGRAPHIC RECORDS. 
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Soutsa From Norro.uk, 1919, anp Nortu rrom Norrouk, 1920—Continued. 


Temperature. 
Water 
Ss a 
~~ 
s & | § 
< =) & 
STARA | 7! A Wlhad 
5.0 0 | 3.05 
20 | 2.71 
40 | 2.25 
90 | 2.22 
12.2 0 | 2.78 
20 | 2.02 
60 | 2.39 
4.4 0 | 3.33 
20 | 2.40 
40 | 2.13 
100 | 3. 46 
125 | 4.51 
6.7 0 | 3.05 
20 | 2.33 
40 | 2.53 
100 | 3. 53 
150 | 4.91 
210 | 5.28 
10.0 0 | 3.61 
20 | 2.23 
40 | 2.34 
70 | 2.60 
7.8 0 | 3.89 
15 | 3.07 
35 | 3.29 
95 | 4.50 
145 | 5.06 
195 | 5.12 
225 | 5.14 
7.8 0 | 4.28 
20 | 3.39 
40 | 3.67 
100 | 4.58 
140 | 4.71 
7.8 0 | 3.89 
20 | 3.26 
40 | 3.00 
60 | 2.83 
10.6 0 | 3.89 
20 | 3.35 
40 | 3.44 
90 | 3.46 
7.8 0 | 3.05 
| 15] 2.80 
45 | 2.83 
7.8 0 | 3.61 
20 | 3.61 
35 | 3.11 
95 | 3.16 
125 | 3.15 


Salinity. 


Apparatus. 


0, mtr. net..... 
B bot.; NZ; 
Tycos. 
elsg. net 


#20, mtr. net..... 
mtr. net 


GB bot.; 


0, mtr. net..... 
B bot.; NZ; 


clsg. net, open... 
mtr. Deb....-.... 


0, mtr. net... .. 
B bot.; NZ; 


0, mtr. net..... 
B ; NZ; 


0, Helgo. net.. 
B bot.; NZ; 


Trial. Drift. 
: 4 p Remarks. 
g g a 
a | 2 3 g 
~ fas] 3s 
a | § ee 
a A a [S| 
M. Min. 
hea 45 -| SR | REE eA Des Ae RN NR Alkalinity: Surf., 
8.0. 
DOSO RS celecteta tae cee ceSibw al Neca! 
55-0. . S11)" Paar Sere ees Cable out 70 me- 
ters, angle 40°. 
Oso. BON Seca ate HHoacee 
Mee eee cre ean eg | ee oe os eee Alkalinity: Surf., 
8.0. 
SE ee eee Or ee Se yen Cl aemed 
35-0. . 511 See | eee Cable out 45 me- 
ters, angle 30°. 
(1 eee 300 Sena cieaaee asks 
TRUE USFS RSeenac hore Se aera! bas 
80-0... 2X Um 1S ee eee ee EE Cable out 100 me- 
ters, angle 30°. 
Os. ons BOM | sepa apretewtcicrersl Bara 3 
oS Se aaa Beek Dies ie meat a BE aT AA eye Surf., 
125 es etc SOMES see acc eee Operation of net 
prevented by 
seaweed. 
O8se.c5 35), |Saaaans seesleasae 
80-0... UA et Se eee ae [nae Cable out 125 me- 
| ters, angle 40- 
SAE SE SOE BSE eel ema cee ae ete Alkalinity: Surf., 
7.9. 
BOOS en claemencol shone clase steneas 
40-0... SOR Satan ceeee [sees Cable out 50 me- 
ters, angle 30- 
40°. 
Our OO) | sess cee Seeoe 
Soeeasced| pode spo Sonourac| ees See ee Surf, 
Oe 
We Oe ln =| isa mietate | stohealots aietu’se’s' | Seermre 
115-0... SO SScescacrouce|teeme Open haul, cable 
out 175 meters, 
angle 45°. 
50-0... SOU Rew ces aces stasene Cable out 75 me- 
ters, angle 45°. 
Ole e. SOR Rerenecemeee| seaes 
WHO=O oes | a Avicesl serene Seiaiciols aati 
105-0. . BO) Eee tee cen! bere Cable out 130 me- 
ters, angle 35°. 
(Uae ae BO! | cece eeecee all aes 
GO=0 2-4) se cok cl cmteac seweweelb ow 
35-0... SOK Hees ce baie ol ees 
(| eee SOM taescear sc actvcoes 
LT CN Beceem ee oe ee Alkalinity: Surf., 
7.9. 
DDO sc c'| ume acl sec antte wines |s ccs 
50-0.... SU) SE eee ey ee Cable out 60 me- 
ters, angle 25°. 
OEeFs ce BU etree acetera ci! are Surf. mtr. net car- 
ried away. 
etre | creel ela wie x Win w.)| Grose Alkalinity: Surf., 
| 7.9. 
Areas ot |e vo sansa 
25-0... Gn sk sete oes owl sate Cable out 30 me- 
ters, angle 40° 
3 Ae SU) ee sre ae |---=- 
| 
ST Oe De Eo rene Bae 
50-0... 1 ee me bee Cable out 75 me- 
ters, angle 40°. 
Otcec sa. SORE a. cost enl eee 
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U. S. BUREAU OF FISHERIES. 


DREDGING AND HyprogrRaprnic Recorps Securep Durine ATLANTIC CRUISES. 


SSeS 00 ET 


Station 
num- 
ber. 


C20106 


C20107 


C20108 


C20109 


C20110 


C20111 


C20112 


C€20113 


C20114 


C20115 


Chart. 


Bearings. 
Latitude N., Longitude W. CoS: 
42 39 00 66 01 00 1106 
421900 66 02 00 1106 
HO. 
415700 66 05 00 941 
411700 66 09 00 
41 38 00 66 26 00 
41 58 30 66 43 00 941 
Cc. 8. 
42 2200 67 02 00 
42 5300 67 37 00 1106 |. 
42 40 30 68 40 00 1106 |. 
42 28 00 69 17 00 1106 
42 37 00 69 32 30 1106 


941 |... 


941) |). 


1106 |... 


Date. 


1920. 
Apr. 16 


Apr. 16 


Apr. 17 


12% of sa 
138 o 


4.36 a. 
5,55 a. 


Time of 
day. 


Character of 


Depth. bottom. 


130 


150 


80)))5. cceie cee ate eee 


DREDGING AND HYDROGRAPHIC RECORDS. 169 


Sovutn rrom Norrotk, 1919, anp Norts rrom Norro.k, 1920—Continued. 


Temperature. Salinity. Trial. Drift. 
E Apparatus. é ; Remarks. 
Bb 5 Ss & 
$13 4 = = q 
= g a Fs o 8 
2 = & =) = & 
=) n = A A fa) 
5 a A oR NR 8 M. Min. Mi. 
7.2 0 | 3.61 AON a CE SOT Nel nates Srtes [ais eaitsel ee ecm ean sacl seee 
20 | 3.40 20 |32. 74 R; Tycos 
40 | 3.35 40 |32. 73 | vert.net......... OPT eS Paes Se Sera eee 
80 | 3.32 80 [382.75 | mtr. net......... 40-0.... SU See een bebe. Cable out 50 me- 
ters, angle 35°. 
#20, Helgo. net...| 0....... (Uf eee mene Mare oe 
8.9 0 | 3.33 AcnES POUCH NGS Wace toe ne ae bln es ode assim] ite ee Alkalinity: Surf., 
20 | 3.10 R; Tycos. 7.9. 
40 | 3.21 Vert Dele... +56. 240-02 6), Sree Masso cicccs sl aac 
100 | 5. 86 MGM Nepean casecce 135-9... OCT et De SRG Ane eens Cable out 200 me- 
170 | 7.45 ters, angle 50°. 
240 | 6.07 #20, Helgo. net...| 0......-. RV Mee es eeate a sil eae So 
10.6 0 | 4.17 CHS iy 9 (0 ern 7 PR a IE) ||) Se a ll Alkalinity: Surf. 
20 | 3.62 Tycos. and 130 meters, 
50 | 3.08 7.9. Sea too 
130 | 3.75 rough for mtr. 
VEELAMOb. co. onnec 1 be 150 i IB = a Peo ee | (Ee oa net. 
#20, Helgo. net...| 0..-.... 31) | bess sacesn se seme a 
10.0 0 | 4.17 GBa Dotes NZ yi eee |e tae esas eceeeealoeeoe Alkalinity: Surf. 
20 | 3.63 Tycos. and 150 meters, 
40 | 3.54 7.9. Sea too 
100 | 4.22 rough for mtr. 
150 | 6.47 net. 
VOrusUOpscseeeaanelOD-Os. 2 (sacs loaacmaccce sel etaee 
20; Helgo.net..| 0....... WOwleceran a tee tenses 
10.0 0 | 3.89 Bere DOL st IN 2) salen se ceca Ae ceieualaeesaace arate sed 
20 | 3. 54 Tycos. 
40 | 3.42 VOCt- CLs. -.<o2<¢ SO=0 se ae es eee eae ees 
80 | 3.59 WPT MOLeaa was sole 55-0... BOW sss asoqnncesleoeee Cable out 70 me- 
ters, angle 35°. 
#20; Helgo. net.-| 0....... 81) |Paesentse sac) SSeS. 
7.8 0 | 4.17 GB bot.; NZ; 
20 | 3.62 Tycos. 
40 | 3.76 VWOltsHOb.-sa2ssee 
70 | 3.75 MTs Neis.o5.7—c5 Cable out 50 me- 
ters, angle 40°. 
#20; Helgo. net.. 
4.4 0 | 3.61 GB bot.;NZ; R; Alkalinity: Surf., 
20 | 3.39 Tycos. 7.9. 
40 | 3.26 vert. net......... : 
100 | 3.15 mirmepei casos Cable out 250 me- 
175 | 5.28 F ters, angle 40°. 
5.17 clsg. net, open...| 105-0... BON soe oreascet locos Cable out 125 me- 
225 | 4.72 ters, angie 40°. 
4. 60 #20; Helgo. net..| 0....... AO) Paete seem Boek 
290 | 4.70 
4.73 
“a2 0 | 3.33 GB DoriNZ Bs) tae eae cee ee Ade eee sce ees Alkalinity: Surf. 
20 | 2.88 Tycos. 7.9. 
40 | 2.93 vert. net......... PRIUS ees BeOS fe {eee a oenic) easee 
100 | 4.32 MT TOY. 6 s-so ne 130-0... Uti eevee SSeS ee Cable out 175 me- 
165 | 5.16 ters, angle 40°. 
230 | 5.16 clsg. net, open...| 60-0.... ATT Lange we eat [ates 28 Cabe out 75 me- 
ters, angle 40°. 
#20; Helgo. net.-| 0....... DE \esiiae aes dees laceae 
6.7 0 | 3.33 GiB-Dobi iy N Ze Res eee a eee Pee i soadcccteoleewae 
20 | 3.28 Tycos. 
40 | 2.91 Vert. NGt-.-.-.s-6 LIRA Sal aabes sect e asian [ite cas 
100 | 4.12 Mtr. Dts J.ceeeos 125-0... DAN aie he ONS Me a Cable out 150 me- 
175 | 4.96 ters, angle 40°. 
0; Helgo. net..} 0....... CAZH) Loe Sp poke ia (ie A 
oe PEPE dhaxepplvaesse -waecs | ekeleO. NObs succes Oreps-.< D0) econ aw co ccf eCoe|) AGVOSS ag a0 tect 
nies ledge, shi 
slowed dewn, 2 
min. toow. 
5.6 0 | 3.61 GE Dot; NAvie ee teres tel aa ook 6] - sens ss o.cm'cnln ane 
20 | 3.33 Tycos. 
40 | 3.20 Vert. NEL-..-aness 8S ies 2 a ge ee) |e Angle 10°. 
100 | 3.02 Wir: NEL. see 200-0... BO! eam aa'say cae ee Cable cué 250 me- 
150 | 5.38 ters, angle 35°. 
200 | 6.36 #20 Helgo. net...| 0....... Bk |. sad decease 
290 ' 4.92 
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DreEpGiInG AND HyprocraPHic ReEcorps SecuRED DuRING ATLANTIC CRUISES, 


Station 
num- 
ber. 


C20116 


C20117 


C20118 


C20119 


C20120 


20121 


C20122 


C20123 


U. S. BUREAU OF FISHERIES. 


Bearings. 


42 03 00 


42 08 30 


41 51 00 


42 18 00 


42 27 00 


42 27 00 


42 49 00 


42 27 30 


Latitude N., Longitude W. 


69 38 00 


69 58 00 


70 18 00 


70 28 00 


70 25 00 


70 25 00 


70 37 00 


70 43 00 


Chart. 


C.8. 


1106 


1106 


1208 


1106 


941 


941 |. --do...:. 


Time of 


Date. day. 


1920. 
Apr. 18 aa ak: 


(a) 
11.10 a. m. 
spedOeceee 


to 
12.00 m. 


eecdOscera 


May 4 


941 | May 7-8 a p.m. 
(a) 


2.10 a. m. 


C. 8. 
1107 | May 16 | 10.20a. m. 


to 
11.20 a. m. 


Depth. 


Character of 
bottom. 


ed pescoresoccesnssss¢ 


60 |. occ ccecnan sem necans 


55 |. accccecccecccccees 


DREDGING AND HYDROGRAPHIC RECORDS 
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Sourn rrom Norrork, 1919, anp Nortn rrom Norrouk, 1920—Continued. 


Temperature. 
Water. 
| a 
— 
se] e| 3g 
< Qa & 
Sap aks, | Ge 
j 0 | 3.61 
20 | 3.60 
40 | 3.13 
100 | 3. 42 
195 | 4.25 
8.3 0 | 3.61 
20 | 3.13 
40 | 3.00 
85 | 3.24 
12.8 0 | 4.44 
15 | 3.76 
28 | 3.46 
10.6 0 | 3.61 
20 | 2.87 
40 | 1.58 
90 | 1.78 
7.8 0 | 6.39 
5 | 6.12 
10 | 5. 88 
15 | 5.90 
20 | 4.67 
30 | 4. 52 
50 | 3.96 
70 | 2.72 
7.8 0 | 5.56 
30 | 3.92 
2.39 
12.8 0 22 


iJ 

o 
POSS PRADA 
2s 


ORR ee 
CoOWwWonwnh 


20.0 0 | 8.89 
20 | 4.83 
55 | 2.35 


Salinity. 


32. 24 


0 /29. 94 
30. 72 
32.18 


Apparatus. 


Tycos. 
mtr, NeL-.-.-=--~ 


Tycos. 


else neteen.---s- 


else. net.:-=--.-- 


vert. net......... 
mtr. net......... 


CISEAMOE tor-ce.sc.cie 


AAO APES ichwtane sere is 
clsg. net ..:....-.- 


GB bot.; NZ; R; 
Tycos. 


GB bot.; 
Tycos. 


NZ; 


Trial. Drift. 

r= r= ¢ 

Fe 3 3 g 

~ 3 

a | &§ 2) lee 

(a A A A 
M. Min. Mi. 
DOO senha eee ee ee 
125-0... SEI Resa say ie | 
One 20 eee ce. cee 
eT Ese 8 3A aes (ole 
AOD Nl FL Sa 
MEY STN Leen ok ee Wa 
40-0... C1 stain ieee a Se 
One 7 Tei en ae Te 54 VE Fas 
7S ee See | lien Sy ae ae eee 
A002 555 eme 30) |e ee cee | eee 
Onewe te: EN eee Se | ek 
15-10... S0uI NES eee ce eee 
(aaeoe © 2131] RAE ee ae 
LG 2 Sl cee el De re Meee ae 2 
age CU PAGE a el I 
Tyee SOA ee 
(eens CN ee aed re 
10-6.. 30), a aa es 52 
ATE Wl ae 0 Nf ee a 
65-0... CH [Mies ee ae 
33-26. . BG ene cleo 
(VS eee TN We Ry ee Pa ta 
7 eae ol [Uae yg 
botm GP Pea tare ators. ch are arene 
Ra Uses bec sssc | ents uc hee 
Gees: 20) Eee eee nae 


Remarks. 


Alkalinity: Surf., 
8;195 meters,7.9. 


Cable out 150 me- 
ters, angle 40°. 


Alkalinity: Surf., 
8.0. 


Cable out 50 me- 
ters, angle 35°. 


Alkalinity: Surf. 
8.05 


Cable out 20 me- 
ters, angle 35°. 


Cable out 50 me- 
ters, angle 40°. 


Owing to wind 
and strong cur- 
rent ship drifted 
into shoal water 
several times. 

At this station ex- 
periments were 
made on flota- 
tion of haddock 
eggs. 


Cable out 45 me- 
ters, angle 40°. 
Cable out 30 me- 
ters, angle 40°. 
Cable out 15 me- 
ters, angle 10°. 


Alkalinity: Surf. 
and 60 meters, 
8.15. 


Cable out 40 me- 
ters, angle 35°. 
Cable out 20 me- 
ters, angle 35°. 


Cable out 15 me- 
ters. 

Alkalinity: Surf., 
ai 85 meters, 
9. 


Cable out 80 me- 
cag angle 35- 


Cable out 40 me- 
ters, angle 35- 
45°. 


Cable out 20 me- 
ters, angle 20°. 
Cable out 270 me- 
ters. Most of 
bag carried 


away. 

Alkalinity: Surf., 
af 55 meters, 
Ath 


iD U. S. BUREAU OF FISHERIES. 


DREDGING AND Hyprocrapuic Recorps Securep Durtne ATLANTIC CRUISES, 


Station : ; 
Bana! Time of Character of 
aa Bearings. Chart. Date. day. Depth. atten 
Latitude N., Longitude W. CUS: 1920. Meters 
C20124 42 28 00 0 18 00 1107 | May 16 Eeaes m. 100) | sae ierets totic yc ct 
0) 
4.25 p.m. 
€20125 420000 69 41 00 11074) et doteee= 0 p.m. 140 | 2. owccae cee nclga ieee 
0) 
11.00 p.m 
| 
C20126 41 38 30 = 69 22:00 1107 | May 17 2a a.m. 160! )j.2.2: 224-50 soso 
Co) 
3.40 a.m | 
C20127 412000 6905 30 110 7s| = edoweean sani m. 145 2.0. See eee 
) 
7.40 a.m | 
| | 
C20128 40 3400 68 52 30 1107 | May 17 10 m. 70 | a baila ba dee ee Bee 
0 
4.20 p.m 
C20129 40 05 00 69 03 30 LOF)|-edosses Bias m. NY (Uh RS tye ci 
: ) 
9.00 p.m 
C€20130 37 5000 = =©74 08 00 1109 | May 19| 6.50a.m. 180 |\s.2 00. 3<s/ce es joe 


a 


DREDGING AND HYDROGRAPHIC RECORDS, 473 
Soutu rrom Norro.uk, 1919, anp Norru rrom Norrouk, 1920—Continued. 
Temperature. Salinity. Trial. Drift. 
Water : Apparatus. a = 3 Remarks. 
= E es & eS, =) 2 = 
s = ~~ \ ~ S % a3 
e|/e128/ | 4 Bekiee | Se aie 
< A = A a] a QA A A 
“Ed RS Oa tit 2 oe gs ; M.* | Min. Mi 
18.9 0 | 9.72 OUQOIST Ieee DOb a ING Milinwaaee soe [oa see ie |e c deme estes] ode Alkalinity: Surf., 
5.12 20 |30. 77 R; Tycos. 7.9; 100 meters, 
40 | 2.89 40 132.07 7.9. 
100°} 2.65 | 100 |32.45 | 75’ fidr. trl......- botm... ON ery Sectors aellsce ne Cable out 270 me- 
ters, no catch. 
} vert. net.-..--.-- OO SO Ala cares leee tears ol lacacs ; 
mtrnet..-.----- 72-0... A) ere teat eter | esesea Cable out 110 me- 
ters, angle 50°. 
elsgi note - - 22. -' 400s as 3 PANT hier aereae Set [ae or Cable out 60 me- 
ters, angle 50°. 
ROO RG ne aoe an = (0th DOM a en atallccmats Meter haul full of 
sand and gravel; 
not saved. 
12.8 0 | 9.17 GQ) BOs 25) Gr Doth y UNZy| eee eles eee a sttetes ese | rtm Alkalinity: Surf. 
20 | 5.73 20 |32. 07 R; Tycos. and 140 meters, 
40 | 3.78 40 |32. 34 7.9. 
100 | 3.58 | 100 |32.92 | vert. net.-.---.-- 1 Oe ee eee lesen ae ee Were 
140) 2 G40) 140 (83521) 1/86. - = 22s. -2-- 100-0.. PANN es Pie Oe Cable out 120 me- 
ters, angle 35°. 
celsg. net, open..-| 50-0.. 740) agsetioei a allsecise Cable out 60 me- 
ters, angle 35°. 
UR aertnihie?) eoeeg [UR eee 20) Were aa eye a acl sient 
12.8 0 | 8.33 0 |31.53 BS DOU IND be staal tet e | cis cretseote oa= |'a' Sas Alkalinity: Surf. 
20 | 5.90 20 |32.16 R; Tycos. and 160 meters, 
40 | 4.30 40 |32. 54 7.9. 
100 | 3.60 | 100 |32.81 | vert. net.-.....-- ATG eS 1 RET gm 3 Wet piles Oe a 
160 | 4.10} 160 |33.49 | #6......-.------- 115-0. . HU eet at sas 5: bllbande Cable out 140 me- 
ters, angle 35°. 
clsg. net, open... -} 55-0. AN) ear ra eat (elet=l ere Cable out 70 me- 
ters, angle 35°. 
20s MNES Obie =| Ontos el 15} || aqeeeertas oe lace 
12.8 0 | 7.22 DO /S1ZS9h mG. DO pe Nn! Perce ae ool econ ine ene nace nce| asta Alkalinity: Surf. 
20 | 5.75 20 |32. 24 R; Tycos. and 145 meters, 
AQ) | 4010 Wice [552-2 7.9. 
100 | 3.80 | 100 /32.88 | vert. net... P45-O- Hele eee elec aesercees | aces 
DABS 80 el4b S208) Oe cel ce p< - 105-0. - 1 fl ees eee el a Cable out 130 me- 
ters, angle 25°. 
elsg. net, open... .| 54-0.- iss peeaetees a/R Bee Cable out 65 me- 
ters, angle 25°. 
mt. Mets - Osa ms = TAG) bee) So Se a ee 
14.4 0 | 7.78 0 |32. 48 Bi Ot NZ eee cate antite eae barn oo a|lone ce Alkalinity: Surf. 
20 | 5.55 20 |32. 47 R; Tycos. 7.9; 70 meters, 
40 | 5.40 40 |32.49 8.1. 
70 | 5.04 fONS2: OUMeto, OTe sean ase botm... Oi ae aegis a ieeall fare ae Cable out 270 me- 
ters; no catch. 
vert. net: =... -..- (US Wissel Apecacd Phe eeu eee OGce 
Eos soa eis= Seto 40-0.... 15 |..---..-.---|----:| Cable out 50 me- 
ters, angle 15°. 
elsg. net, open.--} 20-0.... LU PRS eae: Bla. a bede, Cable out 25 me- 
ters, angle 15°. 
SIME. NOU xcx<))\ Osman eal EE loach saereek ie eee 
12.2 0 | 7.78 0 |32. 61 B “Dots INZ sees eee oe cee tlom - seeee ete | ote Alkalinity: Surf. 
10 | 7.56 10 |32. 61 Tycos. and 160 meters, 
30 | 5.28 30 |32. 74 7.9. 
| 5.33 vert. net....---.- TG aa She Sa eee eee pees Drifted into shoal- 
90 | 7.32 90 |33. 84 er water before 
160 | 8.28 | 160 |34.72 bottles were 
} sent down. 
| BO Sais ose See eee 100-0... i ee ao eee ee | Cable out 150 me- 
} ters, angle 40°. 
clsg. net, open...) 50-0. - Gee on ee ea Cable out 75 me- 
ters, angle 40°. 
#20; mitr: net. is Oo seae 2 Wey | ee Re hee oa | a a met rh 
15.6 0 /12. 22 0) lad.27) (2G B. Jbot. 3) NZe eee: Hes eee ee Set be [id ca Alkalinity: Surf. 
20 | 9.75 20 |33. 55 Tycos. 8.0. 
40 | 9.82 AQ ot Osa toert. NEU. ccs eet eee ieee orgs olay ee LENS ole aide 
100 | 9.48 | 100 |34. 59 
180))\ 9/00} 2 ...|eat. te 
® 
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U. S. BUREAU OF FISHERIES, 


SurracE TEMPERATURES TAKEN WHILE UNDER Way Durine ATLANTIC CRUISES, 
Soutu rrom NorFotk, 1919, anp NortH rrom Norrotk, 1920. 


Longitude. 


Temperature (°C.). 


Air. 


Surface. 


See 


wee ees eccece 


Date. Hour. Latitude. 
919. ° , mr 
Oct. 30 
5.30 p.m.| 36 49 00 
6.00 p.m. | 36 48 00 
6.30 p.m. | 36 48 00 
7.00 p.m.| 36 48 00 
7.30 p.m. | 36 47 00 
10.00 p.m.| 36 46 00 
10.30 p.m. | 36 46 00 
11.00 p.m.| 36 45 00 
11.30 p.m.| 36 45 40 
Obs Bie a eae argjocbie sashes bole lo emcee ealeite] eine oe clo ce eae eet oe ae etaleeemee eee 
2.00a.m.| 36 43 00 
6.30 a.m.| 36 38 30 
7.00 a.m.| 36 37 00 
7.30a.m.| 36 35 30 
6.00 p.m. | 36 35 00 
6.30 p.m.| 36 32 30 
7.00 p.m.| 36 30 00 
7.30 p.m.| 36 28 00 
8.00 p.m. | 36 25 30 
8.30 p.m.| 36 23 00 
9.00 p.m. | 36 20 30 
9.30 p.m.| 36 18 00 
10.00 p.m. } 36 16 00 
10.30 p.m. | 36 13 00 
11.00 p.m.| 36 11 00 
11.30 p.m.| 36 08 00 
12.00 m. 36 06 00 
NOY. Usisecteosessasecctt 12.30 a.m.| 36 03 00 
1.00a.m.| 36 01 00 
1.30a.m.} 35 59 00 
2.00a.m.| 35 56 30 
2.30 a.m.| 35 53- 30 
3.00a.m.| 35 49 00 
3.30a.m.| 35 44 00 
4.00a.m.| 45 40 00 
4.30a.m.| 35 36 00 
5.00 a.m.}| 35 32 00 
5.30a.m.| 35 28 00 
6.00 a.m.| 35 25 00 
6.30a.m.}| 35 21 00 
7.00a.m.| 35 17 00 
7.30a.m.}| 35 14 00 
8.00 a.m.| 35 12 00 
8.30a.m.| 35 09 00 
9.00a.m.| 35 07 00 
9.30 a.m.| 35 04 30 
11.30 a.m. | 35 03 00 
12.00 m. 35 02 00 
3.30 p.m.| 35 00 00 
4.00 p.m. } 34 59 30 
4.30 p.m. | 34 59 00 
5.00 p.m. | 34 58 00 
5.30 p.m. | 34 57 00 
6.00 p.m. | 34 56 00 
6.30 p.m. | 34 56 00 
7.00 p.m. | 34 55 00 
11.30 p.m. 00 
12.00 m. | 
INOVeii2eccsccmesuion eee eeee 12.30 a. m. 00 
1.00a.m.} 35 00 30 
1.30a.m.}/ 35 O01 00 
2.00a.m.} 35 O1 00 
2.30a.m.| 35 02 00 
3.00a.m.|] 35 02 00 
3.30a.m./ 35 03 00 
4.00a.m.| 35 03 00 


— ee _— 
SASks 
00 CON ke sT 


ee 
Risa 
GO bo COD 


a 
se 


WOW CONN HR RR Ree DWORManI 


LPs cme) 


SSSRNBRLLLLLRRYSSSsys 


Bs 
wor 


oN 


NEN 


Nnonoowe 


8 


BNEW 


RRR KH S 
ASOWomrseH awa 


20002. 


C20003. 
C20004. 


C20005. 


DREDGING AND HYDROGRAPHIC RECORDS, 175 


Surrace TEMPERATURES TAKEN Waite UnpER Way Durina ATLANTIC CRUISES, 
Soutn rrom Norro.k, 1919, anp Nortu rrom Norrowk, 1920-—Continued. 


Temperature (°C.). Stations 
Date. Hour. | Latitude. | Longitude.|—-——__|_ between 
Surface, taken. 
1919. ° , ” ° , ” 

USC ee 4.30 a. m. (a) (a) 25.3 
5.00 a.m. (a) Ks 25. 6 
5.30 a.m. (a) a 25.6 
6.00 a. m. (a) (a 25.3 
6.30 a.m. (a) (a 25. 6 
7.00 a. m. (a) (a 25.3 
7.30 a.m. (a) (a) 25.0 
8.00a.m.|/ 35 02 00] 75 25 00 25.0 
8.30a.m.]| 34 58 00] 75 26 00 24.7 
9.00a.m.| 34 57 00] 75 29 00 25.0 
9.30 a.m.| 34 55 00/75 32 00 26.7 

10.00 a.m.} 34 53 00/75 35 00 26.7 
10.30 a.m.| 34 50 00] 75 38 00 26.7 
11.00a.m.| 34 48 00] 75 41 00 26.7 
11.30a.m.| 34 45 00| 75 44 00 26.7 
12.00 m. 34 43 00] 75 47 900 26.7 
12.30 p.m. | 34 41 00] 75 49 30 26.9 
1.00p.m.| 34 38 00/75 52 30 26.7 
1.30p.m.] 34 35 00] 75 56 00 26.7 
2.00p.m.} 34 34 30] 75 58 00 26.7 
2.30 p.m.| 34 31 00] 76 01 00 26.7 
3.00 p.m.| 34 29 00] 75 04 00 25.8 
3.30 p.m.| 34 27 00] 76 06 00 26.1 
4.00p.m.| 34 25 00/76 10 30 26.1 
4.30p.m.| 34 23 00/76 13 00 25.8 
5.00 p.m.]| 34 21 00] 76 16 00 25RS 
5.30 p.m.| 34 20 00] 76 19 30 25.6 
6.00p.m.| 34 17 00| 76 22 00 24.4 
6.30p.m.| 34 15 00] 76 25 00 25.0 
7.00p.m.] 34 13 30] 76 28 30 25.3 
7.30p.m.}| 34 11 00] 76 31 30 25. 6 
8.00p.m.| 34 09 00| 76 34 40 23.3 
8.30p.m.| 34 07 00/76 38 00 24.4 
9.00 p.m.}| 34 04 00| 76 42 00 25.3 
9.30 p.m.| 34 02 00| 76 45 00 24.7 
10.00 p.m.| 33 59 00| 76 48 30 24.4 
10.30 p.m.| 33 53 00/76 52 00 23.9 
11.00 p.m.| 33 54 00! 76 56 00 23.6 
11.30 p.m.| 33 52 00/76 59 00 23.3 
12.00 m. 33 49 00/77 03 00 22:2 

IOV, Wsaccun cs dcedeenc = 5 12.30a.m.| 33 47 00|77 06 00 22.8 
1.00a.m.| 33 44 30/77 10 00 22.5 
1.30a.m.} 33 42 00/77 13 30 25.6 
2.00a.m.| 33 39 30/77 17 00 23.0 
2.30a.m.| 33 37 00/77 20 30 23.3 
3.00a.m.| 33 34 30/77 24 00 22.8 
3.30a.m.! 33 32 00; 77 27 00 23.0 
4.00a.m.| 33 29 00/77 32 00 22.8 
4.30a.m.}| 33 26 00/77 37 30 24.4 
5.00a.m.| 33 24 30/77 43 00 23.3 
5.30a.m./| 33 22 00] 77 48 00 24.4 

. 6.00a.m.| 33 20 00/77 53 00 24.7 
6.30a.m.| 33 18 00] 77 57 30 24.7 
7.00a.m.| 33 16 00/78 03 00 24. 4 
7.30a.m.| 33 14 00/78 08 00 24.7 
8.00a.m.| 33 11 30] 78 13 00 25.0 
8.30a.m.| 33 09 00/78 18 00 24.7 
9.00a.m.| 33 07 00] 78 23 00 25.3 
9.30a.m.| 33 05 00] 78 28 00 25.0 

10.00a.m.| 33 02 30] 78 33 00 24.4 
10.30a.m.| 33 00 00| 78 37 00 25.7 
11.00a.m.| 32 58 00] 78 43 00 25.3 
11.30a.m.| 32 56 00| 78 47 30 25.0 
12.00 m. 32 54 00] 78 52 00 25.0 
12.30 p.m.| 32 51 30] 78 57 30 25.3 
1.00 p.m.} 32 50 00] 79 03 30 24.4 
1.30p.m.| 32 48 00] 79 08 00 24.4 
2.00p.m.} 32 46 30/79 13 00 24.7 
2.30p.m.| 32 45 00] 79 17 30 24.7 
3.00 p.m.} 32 43 00] 79 23 00 25.0 
3.30 p.m.| 32 41 30/79 28 00 24.7 
4.00p.m.| 32 40 00] 79 33 00 24.7 
4.30p.m.| 32 38 00] 79 39 00 24.7 


@ Standing on and off Diamond Shoal aie Hatteras). 
51700°—21——19 


176 U. S. BUREAU OF FISHERIES. 


SuRFACE TEMPERATURES TAKEN WHILE UnpER Way Durina ATLANTIC CRUISES, 
SoutH rrom Norrork, 1919, anp NortH rrom Norroik, 1920—Continued. 


Temperature (°C.), Stations 
Date, Hour. | Latitude. | Longitude. ————~————— between 
Air. Surface. taken. 
1919, ° , ” ° ’ A 
INOVerobi tee. smear r nee 5.00 p.m.} 32 35 30] 79 44 00 2209 25.0 
ASOT. 82) S80 30) 790 48 ODN ayes sees 24.4 
6.00 p.m.| 32 30 00] 79 51 30 DBAS) 24. 4 
G:30[pem|(S2) 27°30) 79) ob, 00i <0 eee 24.4 
7.00 p.m.| 32 23 00] 79 59 30 Ppp. 23.9 
PaO memmeis2) 200100)| 8003) 00) eens sane 24.2 
8.00 p.m.) 32 17 00] 80 07 00 25.6 24.4 
S80 m4 82h 14.8 00)| SOOO) week ences 23.9 
9.00 p.m.| 32 10 30] 80 15 00 25.6 24.4 
980/47} 82 s07 180i (SOs Se 00h| eee ee neers 24. 4 
10.00 p.m. | 32 04 30] 80 23 00 25.6 24.7 
1O:30ipsrn-P32 LOL \OON SO 25m O0l| pe eens eee. 24.7 
11.00p.m.| 31 57 00] 80 29 00 25.6 25.0 
ASO pee S1 61 OOM) 80), 80) vC0l eee eee eres 24.7 
12.00m. 31 50 00]| 80 32 00 25.6 24.4 
INGVi asc mce ete amee es cis 12:20 asm Si) 464 30)|) SO ot BOllese seen 25.0 
1.00a.m.| 31 43 00] 80 37 00 23.3 25.0 
1/30;aham.)|'31/840)) OOM) S01) 39) OU ee een eee 25.0 
2.00a.m.| 31 36 00] 80 42 00 22.8 25.6 
2.30a.m.| 31 32 30] 80 44 00}..-......... 25.6 
3.00a.m.] 31 28 30] 80 47 00 po 25.3 
GSCTOV ENA rat yl Lil PayenlOO) [MFO Blah Pe 8 T= 25.6 
4.00a.m.] 31 21 30] 80 51 30 DPW 25.3 
MENA Sanls|| Shien alspe(O0)|| EW BY OMe Soe sa see Be 25.8 
5.00a.m.| 31 14 00] 80 56 30 Nef 25.8 
BesOasrn (PS OOM SOT SOureo MOON ee se aeemaete 25.8 
6.00a.m.| 31 07 00] 81 02 00 20.6 26.1 
6:30/a. m-| 3103" 00)|| S104 00)| 22 = Baa 26.1 
7.00a.m.} 31 00 00] 81 07 00 20.6 26.1 
730 st Ta SO HOMMOOT| US lOS 00 |e ae aeee eee 26.4 
8.00a.m.| 30 52 00] 81 09 00 20.6 26.1 
S80 la SO eA Te LOO elma OO] eee mene 26.1 
9.00a.m.} 30 44 30] 81 12 00 207 25.8 
9:80 asm 301/400 30) |hSl voy sa0ile eae eee 26.1 
10.00a.m.| 30 36 00] 81 15 00 22.2 25.6 
10'30)\as am 130 820,30) VStar 100) |paeseees eee - 26.1 
11.00a.m.] 30 29 00] 81 18 00 22.8 25.8 
TPO) Tall PEt) + Say (TI) | Sib HL) NI) | se oes woe 26.7 
INKS Wesoqeddecsesssaneas 2.00p.m.| 30 22 30] 81 21 30 23.3 24.4 
220 pom SOS WSO Sl a ZO MOONE Hes ee eue 24.4 
3.00 p.m.| 30 14 30] 81 18 00 23.9 24.4 
2 30ipimn | SON OOM eel nO le peers eee 25.0 
4.00 p.m.| 30 07 30] 81 15 30 gon3 25.3 
AOE 30a 04 OOM esd a SO lee eee eee 24.2 
5.00 p.m.] 30 00 00] 81 12 00 22.8 24.7 
Leis PO uh Spec fe es el Prana Ss) ed ee OTe) 
6.30 SON AG MOONS MOGMO0N| sone non secee 
7.00 29 45 30] 81 04 00 22.8 
7.30 Mi R20 zoo O0 i ST Ola Os eee eee 
8.00 29 38 30] 80 59 30 23.3 
8.30 DO SL ON NSOb ieeO lance een 
9. 29 31 30] 80 55 00 23.9 
9 9998 230168053 MOO) | none e eee 
10. 29 25 30] 80 51 30 23.3 
v0. CRW OP MEM Ip NRW) ane seees see 
1 .| 29 19 30] 80 47 30 23.9 
1 29) 16) 00)! s80in A530) tones eee 
1 29 12 30] 80 43 00 23.9 
INOW SPOS eaten eee ln 1 997109 COO) s80 41a oO) | eee eee 
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DREDGING AND HYDROGRAPHIC RECORDS. 177 


Surrace TEMPERATURES TAKEN WHILE UNDER Way Durine ATLANTIC CRUISES, 
Sourn rrom Norrork, 1919, anp Norra rrom Norrouk, 1920—Continued. 


Temperature (°C.). Stations 
Date. Hour. Latitude. | Longitude. ei 
Surface, taken. 
1919 ° , ” ° , ” 
itty Go (RRS Ore 4 eee 9.30a.m.]/ 28 03 30] 80 14 30 25.3 
10.00a.m.] 27 59 00] 80 14 00 25. 0 
10.30a.m.] 27 55 30/80 13 30 25.3 
11.00a.m.| 27 51 30/80 13 00 25.3 
11.30a.m.|27 47 30] 80 12 30 25.3 
12.00 m. 27 44 00] 80 12 00 25.3 
12.30 p.m.| 27 40 30] 80 11 30 25. 0 
1.00 p.m.}| 27 37 30] 80 11 00 25. 0 
1.30p.m.]27 34 00/80 10 00 25.0 
I) Mee =, Be Ra Mares tye eee, | Nema nee aP| Ree ees 20010 
2.30p.m.] 27 34 30] 80 05 00 25.0 
3.00 p.m.| 27 34 00/80 00 30 26.7 
3.30p.m.| 27 34 00/79 56 00 27.8 
SERA PIA Bes SOR A SOc] MRE oer: ey See ae eee ae C20011 
5.00p.m.] 27 386 30] 79 52 30 26.7 
5.30p.m.| 27 36 00] 79 48 00 26.9 
6.00p.m.| 27 35 30] 79 43 30 26.7 
6.30 p.m.| 27 35 00] 79 38 30 26.7 
BH = SRCE Bee? ae eel Gee ee ora || eae aa oe ee he C20012. 
9.30p.m.| 27 40 30] 79 32 00 27.5 
10.00 p.m.| 27 39 00] 79 28 00 27.0 
10.30 p.m.| 27 38 00] 79 24 30 27.0 
11.00 p.m.] 27 37° 00/79 20 00 26.7 
11.30p.m.] 27 35 30] 79 16 00 26.9 
12.00 m. 27 34 30] 79 12 00 26. 7 
Ee tea tk ole MR oasis (ete nee rane eee ee Ie GIL Soe ore me alae 2 Dee 20013. 
2.30a.m.]27 34 00]79 15 30 27.0 
3.00a.m.| 27 32 00] 79 19 00 27.0 
3.30a.m.] 27 29 00] 79 22 30 27.0 
4.00a.m.| 27 27 00] 79 26 00 27.0 
4.30a.m.|27 24 00; 79 29 30 25. 6 
5.00a.m.}|27 21 30/79 33 00 26. 7 
5.30a.m.| 27 19 00] 79 36 00 26.7 
6.00a.m.| 27 16 30] 79 39 30 26.7 
6.30a.m.] 27 13 380] 79 43 00 26.1 
7.00a.m.]27 12 00/79 46 00 26. 7 
7.30a.m.| 27 09 00] 79 50 00 26.7 
8.00a.m.| 27 06 00| 79 53 30 26.1 
8.30a.m.| 27 03 30] 79 57 00 26. 1 
9.00a.m.] 27 00 00/80 00 00 25. 6 
9.30a.m.| 26 56 30] 80 O01 00 26.1 
10.00a.m.} 26 52 00] 80 O1 30 26.7 
10.30a.m.|] 26 47 30) 80 01 30 26.1 
11.00a.m.} 26 43 00/80 01 30 26.4 
11.30a.m.} 26 39 30/80 01 30 26.1 
12.00 m. 26 35 00] 80 01 30 26.1 
12.30 p.m. | 26 31 00/80 02 00 26. 7 
1.00p.m.| 26 26 30] 80 02 00 26.7 
1.30 p.m.| 26 22 30] 80 02 00 26.7 
2.00 p.m.|/ 26 18 30] 80 02 30 26.7 
2.30 p.m.| 26 15 00] 80 02 30 26.4 
3.00 p.m.| 26 11 00} 80 02 30 26.1 
3.30 p.m.| 26 07 00] 80 03 00 26.7 
4,00 p.m.| 26 02 00} 80 03 00 26.4 
4.30p.m.| 25 57 30] 80 03 00 26.7 
5.00 p.m.| 25 53 00] 80 03 00 26.7 
5.30 p.m.| 25 49 00} 80 03 00 26.1 
6.00p.m.| 25 44 30] 80 U3 30 26.1 
le eine simiop ale: eu boca aon MME cee cael oe onthe Settee [aise ot uiaaibies 20014. 
shan daptsaxbisl at 6 40.5:aue eS meet Serene pobea dapies [any cceusoes C20015. 
10.30p.m.| 25 36 00|79 55 00 26.7 
11.00p.m.{ 25 35 00| 79 51 30 26. 9 
11.30 p.m.| 25 34 30] 79 48 00 26.7 
12.00 m. 25 34 00]|79 45 00 27.0 
10) 27 Be re Boab diss oluma ve xactatel bleh suse sel eee eins Bice tlt auled alah icc chee cue che C20016. 
3.30a.m.|25 39 30] 79 42 00 26.7 
4.00a.m.| 25 38 00] 79 38 00 26.7 
4.30a.m.| 25 36 00] 79 34 00 26.9 
6.00a.m.| 25 35 00] 79 30 00 26.7 
wee bieels tip al aha = = Som SEMEN CSE Coed ok he tS on oc ec a telat C20017. 
8.30a.m.| 25 32 30] 79 34 00 27.8 
9.00a.m.|/ 25 30 30] 79 38 00 27.8 
9.30a.m.|/ 25 29 00/79 40 30 27.8 
10.00a.m.| 25 27 30|79 43 30 28.0 
10.20a.m.!25 25 00!79 46 30 27.8 


178 U. S. BUREAU OF FISHERIES. 


SurracE TEMPERATURES TAKEN WuHILtE UNpER Way Durine ATLANTIC CRUISES, 
Soutu rrom Norro.k, 1919, anp Nortu From Norro.k, 1920—Continued. 


- Temperature (°C.). Stations 
Date. Hour. Latitude. | Longitude. ]}——_————__ been 
Air. Surface. taken 
- 1919 ° ” ° , a, 
INOV {a2 8 sso cd sees ease 11.00a.m.} 25 23 30] 79 50 00 29.4 27.8 
TZ Olas im. || 25122) 00879 eb 2 a S0 | sone eee 27.8 
12.00 m. 25 20 00 | 79 56 00 30. 0 27.5 
12 ESOP aN.) orl SOON 79 OO ROO sotee eee 27.8 
1.00 p.m.} 25 16 00 | 80 02 00 30.0 2735 
130. I. hp 4 OOM SOM Ober O00) Ran: = -kererats 27.0 
2.00 p.m.| 25 12 00) 80 09 00 30. 0 26.7 
2:30'p.am.||/ 25.09) 301/80) ly SOEs ae see 26.1 
3.00 p.m.} 25 06 30} 80 14 00 28.8 26.1 
3.30 p.m.| 25 04 00/ 80 16 00}............ 26. 7 
4.00 p.m.} 25 01 00/80 18 30 27.0 26. 4 
4.30p.m.| 24 58 00} 80 22:_00)}...-..-..... 26. 4 
5.00 p.m.| 24 55 30] 80 25 30 25. 6 26. 1 
5.30 pymiai|pe4s Sh ON GO seco MeCN eee renee cee 26. 1 
6.00 p.m.| 24 50 00 | 80 34 00 25. 6 26.7 
6.30 p.m.| 24 47 30] 80 38 00}............ 26. 7 
7.00 p.m.| 24 45 00 | 80 42 00 25. 6 26.7 
7.30 p.m.| 24 42 30) 80 46 30)..........-- 26. 7 
8.00 p.m.| 24 40 00] 80 50 30 25. 6 26.4 
830i. ma | 240739100180) (O42 00s osteo 26. 4 
9.00 p.m.|{ 24 38 30] 80 57 30 25.6 26. 4 
930) pam. 24083 77 200) |p Sl Ol 00n Ps se seer 26.7 
10.00 p.m. | 24 36 30] 81 03 00 25.6 26.7 
LOO; m1) 24 850 00) Sih OGN NOON ES sear eae 26. 7 
11.00 p.m. | 24 34 30) 81 09 00 25. 6 26. 7 
MESO (pA P24 os OO) Steer nOOn aeons serene 26. 7 
12.00 m. 24 33 00] 81 15 00 25. 6 26.9 
NOV, 13. cccssoccccsoee~ se 12S 0a, 24320 1008 Sal Sa OOM Ss see eet 26.7 
1.00a.m.{ 24 31 30] 81 21 00 25.6 26. 4 
130)am.)| (24 93000) Sii24) eS0Nl 2 22a eee ee 26.7 
2.00a.m.} 24 29 00] 81 28 00 25. 6 26.7 
2530/8). | 24-28 OOnESliedle HOON ES sae oe set 26. 7 
3.00a.m.| 24 29 00] 81 34 30 24.4 26.7 
3:30la' Is 24027) WOO MSI rod OO Ne senators 26. 7 
4.00a.m.} 24 26 30] 81 40 00 23.3 26.7 
4:30/a.. 1: || 24,7126) 930) [Si v4eeO0n |e oom 26.7 
5.00a.m.| 24 25 00] 81 47 30 24. 4 26. 7 
D.o0a. IM. | 24524 SSO Sle Ol iS0N ce seenee ee 26. 7 
INOW D5 Ao bees Joe eic tee wia cells Pe stews cine aol Se eye SES | sie cee cic ercre re I Settee Sates he C20018. 
8.30 p.m. | 24 19 00] 81 57 00 25. 0 26. 1 
9.00 p.m.} 24 17 30] 81 58 00 24. 4 25. 8 
9.30 p.m.| 24 12 00} 82 00 00 23.9 25. 8 
INOv. Lbito) 16s co emcise cee elle doaS Se inte wie oe ee ciel sort ele seta cte |e o Sei a Ae eer meele wis cretate C20019. 
INOW2i 16zn ce ew ne cease cee -| 1.30a.m.| 24 02 30] 81 59 00 25.0 26.7 
ge AS Ee ere So wet | aya ale awake iestal [tis olen: oterelnsw Pelle ai Netoretetsl orate sell euNete etctate eevee C20020. 
6.00a.m.}| 23 50 00 | 82 03 30 25.0 27.5 
6:30 'aemn 23947, 100 S206) NOON Es cea sete eee 27.8 
Ba amciaibers hail Buk SAS PRO BA 3 Nae Slate ANUS 3 ene ecg rotcte de | Kaeseee "ayer tere. ee | Mo Baa 
11.00a.m./| 23 34 30] 82 10 00 27.0 28.3 
P1230 em || 23 3100 (S212) SOM ee soe eee 28.3 
Sleteete fete rele tare ialliate cletae ete lalerote llcinietatelne Mitielabe mnie siatatnteeletate |e eicieeronis aerate 20022. 
2:30'p. mm. ||/23) 245/00) 18207155400") 6. tae 28.0 
3.00 p.m. ; 23 21 00 | 82 16 00 27.0 28. 0 
S30 poms 23 8 00h S2ee lie OON sense 28. 0 
4.00 p.m. | 23 15 30] 82 18 30 27.8 28. 0 
4.30 p.m.| 23 12 30| 82 20 00]..........-. 28. 0 
INOV soe Desist cme see nec cts 9:00 Asm | 23s Zr S0) Said ml ON eee esheets 27.0 
PE cRsH aie clone) wb pene eels eral oe cates: eters aha ls eevee ote Oe | oe chek oe a C20023. 
2.30 p.m.| 23 13 00} 82 32 00 26.7 27.8 
3.00 p.m.| 23 12 00] 82 36 00 27.8 27.0 
3.30 p.m.| 23 11 00] 82 41 00 27.8 27.0 
4.00 p.m.| 23 10 00] 82 45 30 27.8 27.0 
4:30\p.m:, | 23109) :00) | 82/50) OOM ese 27.5 
5.00 p.m.| 238 08 00] 82 54 00 27.8 27.5 
§30)p53n., ||:23) 108: (00) 82) 75800 eee cece a. 27.5 
6.00 p.m.| 23 07 00] 83 03 00 27.8 27.5 
6.30 p.m.| 23 06 00| 83 07 00}............ 27.5 
7.00 p.m.| 23 05 00] 8&8 11 30 26.1 26.9 
4.00)... || 23) (04,00) | 83" 15 SOON Ee: ee oe o.c. 27.5 
8.00 p.m.| 23 03 00] 83 19 00 25. 6 27.5 
8:30.21 5)|)'23) (021100). 83iv 22 OOM eae see eh ce 27.5 
9.00 p.m.| 23 01 00] 83 25 00 26.1 27.5 
9.30 p.m.| 23 00°00] 83 29 00]....-.:..... 27.0 
10.00 p.m.| 22 59 00} 838 32 30 25.6 27.0 
10.20'p. m. | 22) 58 00) || 83) (36) 900)... 22.5. 3.22 27:5 


DREDGING AND HYDROGRAPHIC RECORDS, 179 


SurrAce TeMPERATURES TAKEN WuiLE UNpER WAy Durine ATLANTIC CRUISES, 
Sourn rrom NorFo.k, 1919, anp Nortu rrom NorFouk, 1920—Continued. 


Temperature (°C.). Stations 
Date. Hour. Latitude. | Longitude. be lat 
Air. Surface. taken 
1919. ° UJ ” ° ' ” 

Int Vk) ES Se 2S Se 11.00 p.m.| 22 57 00] 83 39 00 25.0 27.0 
11.380 p.m. | 22 56: 00'| 83 438 00)|...:.:...... 27.0 
12.00 m. 22 54 30] 838 46 30 25.0 27.0 

iG) Ab? 5 aes ee eee 12.30 a.m.} 22 53 00/83 50 00)|............ 27.0 

1.00a.m.| 22 52 00] 83 53 00 26.7 27.0 
VidO aa | 2a ole SOL Se. OOO le sewed s coaes 27.0 
2.00a.m.} 22 50 00] 84 00 00 Dod Zip 
2.30'a.m= | 22" 49" 00:1 84. (04.000) 2.2 See 27.5 
3.00a.m.] 22 48 00] 84 08 30 25.6 27.0 
3.90:a.:y || 227 46) OOF 84) Ids SOr ass. JL Use 27.0 
4.00a.m.| 22 45 00] 84 17 30 26.1 26.9 
4.30 ;acms | 28" 43230) | 84) 22": 00h sis os Soe. 27.0 
5.00a.m.| 22 40 00] 84 24 00 26.1 27.0 
SOG | eee Sie oO ieee 200) |. seen eee 27.0 
6.00a.m.}] 22 34 00] 84 30 00 25.6 27.0 
Gohaemeioe. oleis0e i840 32) OO) |e we eee inp 
7.00a.m.] 22 28 00] 84 35 00 25.6 26.9 
Te0aomes 22) 26 00884937) 630) |=... tee 26.9 
8.00a.m.| 22 22 00] 84 40 30 25.6 27.0 
8:30/'a.am. |): 22)° 19" 005)'840 43° OOF ioc. See 27.0 
9.00a.m.| 22 15 30] 84 46 00 25. 6 27.0 
9.30'a.'m. |)'22) 18: 00°) 84 48: 00)|). 2 .di 0522 ish 
10.00 a.m.} 22 09 00} 84 51 00 25.6 26.9 
10:30:9-'0m.. 122" 06) OO" 84" 54 O02 322 SS Sekt 26.9 
11.00a.m.} 22 03 00| 84 57 00 25.6 27.0 
11:30'a. m..| 22" 00) 00) 84 59) 00")... 2222-5. 26.7 
12.00 m. 21 56 30] 85 02 30 25.6 26.7 
1230 pom) 2h Ode 30) 80) Oay OOnssee 2 nee 26.4 
Sa See aes |Da eens ana alos manetin cee lee et cee cls ceaccckasaie C20024. 
7.00 p.m.}| 21 49 30] 85 17 00 26.7 26.7 
W380 p.m. | 20 48% S00! Sb 2M OOM Sass. cee 27.8 
8.30 p.m.| 21 47 00] 85 28 30 26.4 27.8 
9.00 p.m.} 21 46 85 32 30 26.1 27.8 
9.30'p.m.| 21 45 00-| 85 36 30))..2%.<222.%. 27.8 
DIGI OMANO EE Soe oo jar: Sods Se | Sea ee ese Ml hide ae ee MIE en Se eI 2s ©20025. 
INGV edocs 26: este eae 2.00). 1. |'21 46)" 00'| 8b) 460 30h) 20. 2 ee 2755) 
3.00a.m.} 21 43 00] 85 50 00 25:5 27.5 
S30ayaMneled091 301) Sos O4 ON ae is 52 5cee: 27.5 
4.00a.m.} 21 38 00] 85 57 30 25.0 27.8 
4°30\a. mm. |) 21" (36. 001) 867 OFF OOif22..=2: 23 27.8 
5.00a.m.} 21 33 00] 86 05 00 24.4 27.8 
BCS ema AR eaten es a ee oe ee eee C20026, 
11.00 a.m.| 21 40 00] 86 13 30 25.0 26.9 
1-309, ms} QV S39" 30n SB) Ws SON sso. eee. 26.9 
12.00 m 21 39 00] 86 21 00 24.4 27.0 
12.30 p.m.| 21 38 00] 86 24 00|............ 27.0 
1.00 p.m.| 21 37 00, 86 28 00 27.8 27.0 
1:30'p: m. || 21°36 00%} 86) 32° 00"). 22.-22-- 5. 27.5 
ee a | Nees oOo. oe] ote Mees aero | tees oa Sere | dcjos.c eaclnae C 20027. 
5.30p.m.| 23 46 00| 86 32 00]............ 27.0 
6.00 p.m.| 23 51 00} 86 27 00 26.1 27.5 
6.30pm. | 23°53") 301) 86" 24 SOM ia: 2s es 27.0 
7.00 p.m.| 23 56 00] 86 22 00 25.6 27.0 
7.30:p.m. | 23) 58° 00°) 86°19" 30')..222 20.22: 27.5 
8.00 p.m.| 22 01 30] 86 16 30 25.6 27.5 
830\p-m. | 22 04°: 0081 S69 13)730"|-. eo . 9 oS 27.5 
9.00 p.m.| 22 06 00} 86 11 00 25.0 255 
9/30p.m. | 22'> 08 ' 30°} 86 08" 30) )..5..22.2. 27.5 
10.00 p.m.} 22 11 30] 86 06 00 25.0 27.5 
10.30:p.m.| 22 14 00/86 03° 00 ]...2..2...2. 2775 
11.00 p.m.| 22 18 00} 86 01 00 25.0 27.5 
11.30\p.m. | 22 19 00} 85 58 00).....-0.2..- 2.5 
12.00 m 22 21 30] 85 55 30 25.0 26.7 
IGE Ly ae oe: Sn T230%;'m:; |/22° 2400! t Soe be 00) 2022S see 26.9 
1.00a.m.| 22 26 00] 85 51 00 24.4 26.9 
1.30'a, m. | 22° 28 30 | 85 48 00]............ 26.9 
2.00a.m.] 22 31 00] 85 45 00 24.4 26.7 
2.30'a.m.|22 34°00) 85 43°00 )...7..5.224 26.7 
3.00a.m.| 22 36 00] 85 40 00 23.9 27.0 
3:30.) 22> 38° '30')"85 BSF 00'|-) 22 27.0 
4.00a.m.| 22 42 00] 85 34 30 23.9 27.0 
430'a.m.| 22 44 00|°85 32° 00 |...02.2. 222. 27.0 
5.00a.m.| 22 46 00] 85 30 00 23.9 27.0 
5.00 8.00), 22.48 O0Bom 270 00 ls. os 27.0 
6.00a.m.] 22 51 00] 85 24 00 23.9 26.9 
6.30a.m.| 22 54 00] 85 21 00]............ 26.9 
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SurFAcE TEMPERATURES TAKEN WuiLtE Unper Way Durine ATLANTIC CRUISES, 
Soutu From NorFouk, 1919, anp Nortu rrom Norro.x, 1920—Continued. 


Temperature (°C.). Stations 
Date. Hour. | Latitude. | Longitude.|_——HH\H—— petoen 
Air. Surface. taken. 
1919. °o , wy ° 7 ut 
Ty O07 +: Blomorivolce cae cepeons 7.00a.m.} 22 57 00) 85 18 30 23.9 27.0 
TOOBIN a loan) OOM) Som Lon eoUll\is geeesette ae 27.0 
8.00a.m.} 23 02 30] 85 12 00 24.4 27.0 
Sla0'a. mee Ode 00N 1855 O9F 80a). see ee 21.10 
9.00a.m.| 23 08 30/ 85 06 00 25.0 27.5 
OsNabms ian Lie CON San Osada). ay ete, a 27.8 
10.00 a.m.| 23 14 00] 85 00 00 25.6 PAE 
10; 30 as ms 23q 01 OOK (B4omn OOM| yee) pete oe P4(- 1 
11.00a.m.| 23 20 30] 84 53 00 28.3 27.5 
LD 30!al mh H2380 2460084) 490) O0N o ee ae 215 
12.00 m. 23 27 00 | 84, 46 00 28.3 27.0 
12.30 p.m.| 23 30 00] 84 42 00]..__...._... Pa pa 
1.00 p.m.]| 23 33 00} 84 39 00 28.3 27.5 
1230) pom) ||/23/)36% 3084 oop Un see eae Piles 
2.00 p.m.| 23 39 30] 84 32 00 27.0 ia 
2:30pm || 23) 143. 30) 84.9 28) 008) ee Se 27.5 
3.00 p.m.| 23 45 00/ 84 25 00 27.0 PA fe 
Pi ete Ma ee moana UPE CS a Pee gS REST one p> chal All tg ae 2S ab NN Peis er C20028 
9.00 p.m.| 23 45 00/84 13 00 25.0 27.0 
930 prem. i2ay 40, Om 84, VEN OO) free ein ee 27.0 
10.00 p.m.} 23 49 00| 84 08 00 24.4 27.0 
10:30 p.m. | 23, 51.00.) 84 05; 30:)_ 22. clue. 27.0 
11.00 p.m.} 23 53 00} 84 02 30 24.4 26.9 
11:30 pom: |) 23)/55), O0N 844) OOn O08) 4) ce eae 26.7 
12.00 m. 23 57 00] 83 57 00 24.4 26.7 
NOV) 204s 30ces soteneess one 2.30.4. m. }) 24; 06 30!) 83, 43, 00)).. 2... ee 25.6 
3.00a.m.] 24 08 30} 83 40 30 26.1 25.3 
3:30'as muvee LOM SO} San ofa OON! see yen mee 25.0 
4.00a.m.| 24 12 30] 8 34 30 26.1 20.3 
£30la sm. (24)) 144300 Bae Sly BON ae ae ee 25.0 
5.00a.m.| 24 16 00} 83 29 23.3 25.0 
§:30/a. mi. | 240 18> 00s) 83, °26) 80!) 2225. 22. 25.0 
6.00a.m.| 24 19 30) 838 23 30 23.3 PFS) 
G:30/aem. | 24 21 OU San ets OON 5. settee 25.6 
EO Tip Ra Sage tee TIMI ee blo se i RC OL ee C20029. 
10.00 a. m.| 24 27 30] 83 08 00 26.1 25.8 
10.30a.m.} 24 30 00| 838 04 00 ]...........- 25.6 : 
IN OVS DOs anise e ms shee dye cc RS Ry IS rey Soe 6 CPN ae ge 0h | Fa a C20030. 
Seems at Tot Rayeried Bis UE EN AUS UN erie eb | (tee eee C20031. 
INGVi730 5 05985 Soe eees sas 12.00 m. 24 27 00] 81 43 00 27.8 26.1 
1.00 p.m.} 24 24 30) 81 35 00 28.8 26. 7 
2.00 p.m.| 24 25 00] 81 29 00 32.2 26.7 
3.00 p.m. | 24 27 00] 81 19 00 31.1 26.7 
4.00 p.m.| 24 29 00] 81 09 00 29. 4 26.7 
5.00 p.m.| 24 34 00] 80 57 00 27.0 26.9 
6.00 p.m.| 24 38 00] 80 47 00 26.7 26.9 
7.00 p.m.| 24 44 00; 80 36 00 26.7 26.9 
8.00 p.m.| 24 50 00] 80 27 00 26. 7 26.7 
9.00 p.m.|] 24 57 00] 80 19 00 25.6 26. 4 
10.00 p.m.| 25 03 30] 80 11 30 25.6 26.4 
11.00 p.m.} 25 10 00] 80 06 00 26.1 26.7 
12.00 m. 25 16 30] 80 04 00 26.1 26.7 
nD 7.” Ha! ge Gu ess ey ab Uae ey 1.00 a.m.]{ 25 24 00] 80 02 00 26.1 26.7 
2.00a.m.| 25 31 00] 79 59 00 25.6 26.7 
3.00a.m.} 25 36 00} 80 00 00 25.6 26.7 
4.90a.m.] 25 39 30] 80 01 00 25.6 26.7 
5.00a.m.]| 25 42 00} 80 03 00 23.9 26.4 
6.00a.m.| 25 44 00] 80: 03 30 23.9 26.4 
7.00 a. m. (a) (a) 24.4 25.6 
8.00 a, m. (a (a) 24.4 25.0 
9.00 a. m. (a (a) 24.4 25.0 
10.00 a. m. (a (a 24.4 25.0 
11.00 a. m. (a) (a 21.1 25.0 
12.00 m. (2) (a 24.7 24.7 
1.00 p.m. ‘ ta} 21.1 24.7 
2.00 p.m. a) a 23.9 24.7 
3.00 p.m. (a) (a 23.9 24.7 
4.00 p.m. (a) a) 23.9 24.7 
5.00 p.m. a a 23.9 25.0 
6.00 p.m. a a 23.9 25.0 
7.00 p.m. a Ci 2.3 25.0 
8.00 p.m. a a 23.3 25.0 
9.00 p. m. (a a 23.3 25.0 


: a sehen Ce S. 166.) Fowey Rocks Lt. bears S8E., distant 10.4mi. Rt. tang. Virginia Key S62}W. dis- 
ant 1.6 mi. 
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Surrace TEMPERATURES TAKEN WHILE UNDER Way DurInG ATLANTIC ORUISES, 
Sout rrom NorFouk, 1919, Aanp Norra rrom Norrotk, 1920—Continued. 


Temperature (°C.), Stations 
: . between 
Date. Hour. Latitude. | Longitude. which 
Air. Surface. | taken. 
tty ye v 4, | 
1919. ° , a”, ° , 4; 
10 ee a 10.00 p.m (a 8 23.3 25.0 | 
11.00 p.m (a (a 23.3 25.0 | 
12.00 m (a (a) 23.3 25.0 
LS TOS Fe Se Op 11.00a.m.]| 25 51 00] 80 07 00 ,26. 7 25. 6 
12.00 m 25 59 00] 80 04 30 26.7 25.6 
1.00 p.m.} 26 08 00} 80 02 00 26.1 25.3 
2.00 p.m.| 26 17 00] 80 00 00 25.6 25.8 
3.00 p.m.| 26 24 00] 79 59 30 25.6 24.4 . 
4.00 p.m.| 26 30 30] 79 59 00 25.6 25.6 
5.00 p.m. | 26 37 00] 79 58 30 25.0 25.6 
6.00 p.m.| 26 44 00] 79 58 00 24.4 25.0 
7.00 p.m.| 26 51 00] 79 57 00 23.9 25.5 
8.00 p.m.| 26 56 00| 79 56 30 23.9 25.0 
9.00 p.m.| 27 03 00] 79 58 00 23.3 25.0 
10.00 p.m.| 27 10 00] 80 00 00 23.3 24.4 
11.00 p.m.| 27 17 00] 80 02 00 22.8 23.9 
12.00 m 27 24 00] 80 04 00 22. 8 23.3 
OS gs 5 ae 1.00a.m.]| 27 31 00] 80 05 30 22.8 23.0 
2.00a.m.| 27 38 00] 80 07 00 22.8 23.3 
3.00a.m.} 27 45 00] 80 09 00 22.8 22. 2 
4.00a.m.| 27 52 00] 80 13 00 22.2 22.8 
5.00a.m.} 27 58 20] 80 17 00 22.2 23.3 
6.00a.m.| 28 05 00] 80 21 21.1 23.6 
7.00a.m.] 28 11 30] 80 25 00 o1e7 23.6 
8.00a.m.] 28 18 00} 80 29 00 21.7 23.6 
9.00a.m.| 28 24 30] 80 33 00 23.3 21.9 
Be oe ee Fe Gre Pee eg tel aeclial Hear ray | ae ame, ee C20032 
12.00 m. 28 25 00] 80 32 00 25.0 21.9 
1.00 p.m.| 28 26 00] 80 24 00 22.8 22.2 
2.00 p.m.| 28 33 00] 80 28 00 23.3 PD} 
3.00 p.m.]} 28 39 00] 80 22 00 24.4 PAP 
4.00 p.m.| 28 45 00] 80 27 00 23.3 PAT 
5.00 p.m.| 28 51 00} 80 32 00 ziey PA ls 
6.00 p.m.| 28 56 30] 80 37 00 20.6 21.7 
7.00 p.m.| 29 02 30] 80 42 30 20.0 21.7 
8.00 p.m.| 29 08 30] 80 48 00 20.0 21.7 
9.00 p.m.} 29 15 30] 80 51 00 19.4 2101 
10.00 p.m.| 29 22 00} 80 53 30 19.4 21.1 
11.00 p.m.} 29 28 30) 80 56 30 18.9 20. 6 
12.00 m. 29 35 00| 80 59 30 18.9 20. 6 
DGG. O52 550 Senate ase 1.00a.m.} 29 42 00] 81 03 00 18.3 20. 6 
> 2.00a.m.| 29 49 00] 81 06 00 17.8 20.0 
3.00a.m.| 29 56 00! 81 09 00 17.2 20.0 
4.00a.m.} 30 03 00] 8L 11 30 16.7 20.0 
5.00a.m.|/ 30 10 00} 81 14 30 16.1 19. 4 
6.00a.m.} 30 18 00} 81 17 30 15.0 19.4 
7.00a.m.} 30 24 00, 81 20 00 14.4 19.4 
8.00a.m.| 30 31 00] 81 21 00 12.2 18.3 
9. 00a.m.} 30 38 00] 81 21 00 17 e S18 
10.00a.m.} 30 44 30] 81 22 00 11.1 17.8 
Ce 42 Sena eat Se ay be oe Sad ae SF AS Pied Re eE eon Per Liss) 
1D {0 I RE Se ME 4a cS (ee gee Ee Pa Ee |e ee i Sa Bh | Se © 20034 
1.00 p. m.| 30 47 00] 81 19 00 22/9 18.9 
2.00 p.m.| 30 51 00} 81 12 00 728 18.9 
3.00 p.m.} 30 55 00] 81 05 00 22:2 19.2 
4.00 p.m.}| 30 59 00}| 80 57 30 ane 19.4 
5.00 p.m.| 31 03 00] 80 50 30 22.8 19.4 
6.00 p.m.]} 31 07 30] 80 43 30 22.8 18.9 
7.00 p.m.| 31 12 00] 80 36 00 22.8 18.9 
8.00 p. m.} 31 16 00| 80 29 00 22.8 18.9 
9.00 p.m.| 31 20 30} 80 22 00 22.2 20.0 
10.00 p.m.} 31 24 30] 80 15 00 Pal 20.0 
11.00 p.m.| 31 29 00] 80 08 00 22. 2 20.0 
12.00 m 31 33 00] 80 01 00 22.2 20.0 
107 TRAM | EN ee a ere 1.00a.m.] 31 37 00] 79 54 00 22.8 20.0 
2.00a.m.]/ 31 41 30] 79 46 00 23.9 20.0 
3.00a.m.| 31 46 00/79 39 30 23.9 20.0 
4.00a.m.} 31 50 00] 79 32 00 23.9 20.0 
6.00a.m.] 31 54 00/79 25 00 24.4 23.3 
6.00a.m.]| 31 59 00] 79 17 30 23.9 23.3 
7.00a.m.] 32 03 00} 79 10 00 23.3 23.0 
OE ee th a4 Eee || hy 9 kee ll ERS Sa ba Een ©20035. 
2.00 p.m.! 32 13 30179 05 00 23.3 24.7 


a(Chart C. 8.166.) Fowey Rocks Lt. bears S8E., distant 10.4 mi. Rt. tang. Virginia Key S62}W. 
distant 1.6 mi. 
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SuRFACE TEMPERATURES TAKEN Wuite Unper Way Durine ATLANTIC CRUISES, 
Sout rrom NorFouk, 1919, anp Nort rrom Norroxk, 1920—Continued. 


Temperature (°C. ). Stations 
Date. Hour. Latitude. | Longitude. ———~—————_ an 
Air. Surface. taken. 
1919. ° 7. a” ° / at 
DOG} Sivas scien es eemeioer~ ce 3.00 p.m.} 32 22 00] 79 09 00 DANICA 24.7 
4.00 p.m.| 32 30 00] 79 13 00 21.1 24.7 
5.00 p.m.| 32 36 30] 79 12 00 22.2 24.7 
6.00 p.m.| 32 48 30] 79 07 30 21.7 21.9 
7.00 p.m.| 33 00 00] 79 03 00 22.2 17.8 
8.00 p.m.]| 33 06 30] 78 56 00 PAE | 17.8 
9.00 p.m.| 33 13 00] 78 48 00 21.7 17.8 
10.00 p.m.| 33 19 00] 78 41 30 Qt. 17.5 
11.00 p.m.| 33 25 00] 78 34 30 21.1 L725 
12.00 m. 33 31 00] 78 28 00 2101 Lia2 
Deg; Oks clecieschsjatencte te 1.00a.m.| 33 37 30] 78 20 30 19.4 17.2 
2.00a.m./ 33 43 00] 78 14 00 18.9 Wie 
3.00a.m.| 33 49 00] 78 07 00 18.9 Lis 
cL ARR Se Sal ok See ee CO et ee Se ee Se a oe Sore Dice C€20036, 
DOOR Zee dace ete beste os 8.00a.m.]| 33 49 30] 78 03 00 10.0 14.4 
9.00 a.m.}] 33 42 00] 77 58 30 10.0 14.4 
10.00a.m.} 33 37 00] 77 53 30 16.7 17.2 
11.00a.m.| 33 34 00| 77 45 00 20. 0 iV E94 
12.00 m. 33. 34 00] 77 35 30 20.0 172 
1.00 p.m.| 33 34 00] 77 26 00 22.8 21.7 
2.00 p.m.]| 33 34 00] 77 17 00 23.3 21a 
3.00 p.m.| 33 34 00] 77 08 00 23.9 22.2 
4.00 p.m.|°33 34 00] 76 58 00 23.9 22. 2 
5.00 p.m.| 33 34 00] 76 49 00 23.9 22.2 
ee as nee re ee eee eel Weane ce oole lp oGacaeccecs C20037. 
10.00 p.m.| 33 49 00] 76 40 30 23.9 22.8 
11.00 p.m.} 33 58 00} 76 40 00 23.9 22.8 
12.00 m. 34 06 45] 76 39 00 23.9 22.8 
DGC Baa celca\ce cle alelnteteraierste 1.00a.m.} 34 15 00| 76 38 00 22. 2 22.8 
2.00a.m. | 34 24 00] 76 37 30 20.6 22.8 
sil Sejatatos soiall eae che be Stoie Al oe aes dete all eiele wGiareicleletallist= slate cise C20038 
12.00 m. 34 29 00] 76 31 30 L752 inte y/ 
1.00 p.m. | 34 26 00] 76 26 30 18.9 16.1 
2.00 p.m. | 34 26 00) 76 18 00 18.9 17.2 
3.00 p.m. | 34 26 00| 76 09 30 19. 4 17.8 
4.00 p.m. | 34 26 00) 76 01 00 2252) 17.8 
5.00 p.m. | 34 26 00} 75 52 00 PAY, 20.0 
B6oco Scena sasass0n0 ae ak gas oAees Alesis cette tae selec er [MC auane 
12.00 m. 34 55 00} 75 13 00 23.3 2303 
IDGOg Lasaacisccienimntlcisi cine 1.00a.m.} 35 04 00| 75 05 30 22. 2 22.8 
2.00a.m.] 35 11 00] 75 16 00 18.9 15.0 
wd ash eaee ne alos naw aabordl mw tee cittelew all ctos AMS atettetel |e sisiaispieismint 20040 . 
2.00 p.m.} 35 23 00] 75 24 00 10.0 ali eat 
3.00 p.m. | 35 29 00] 75 23 00 9.4 10,0 
4.00 p.m.} 35 34 00] 75 22 00 9.4 10.0 
5.00 p.m. | 35 37 30/75 22 00 7.2 9.4 
6.00 p.m.| 35 41 00] 75 23 00 6.7 9.4 
7.00 p.m.| 35 44 00| 75 24 00 6.1 8.9 
8.00 p.m. | 35 48 00| 75 24 30 6.1 8.9 
9.00 p.m.} 35 51 00] 75 25 00 5.0 i lea 
10.00 p.m. | 35 57 00] 75 27 00 5.0 10.6 
11.00 p.m. | 86 02 30] 75 28 00 4.4 10.6 
12.00 m. 36 07 30] 75 30 00 3.9 9.4 
IDO} wl Raaaccagoaesecodane 1.00a.m | 36 13 00] 75 31 00 3.9 9.4 
2.00 a.m. } 36 18 00| 75 32 30 3.9 8.3 
3.00 a.m. | 36 23 00] 75 34 00 3.9 8.3 
4.00 a.m.| 36 27 00; 75 35 00 1 Bir 8.9 
5.00a.m.} 36 31 20| 75 36 00 Heat 8.9 
6.00 a.m.} 36 35 30| 75 37 00 .6 8.3 
7.00a.m | 36 42 30/75 45 00 -5 7.8 
8.00a.m.| 386 44 30/75 52 30 -5 (er. 
1920. 
Gb sy iLO ccecteiesmiceigeistaeicicia 6.00 p.m. | 37 15 00} 75 29 00 4.4 3.6 
7.00 p.m. | 37 19 00/75 19 30 3.3 3.6 
8.00 p.m. | 37 23 00)| 75 10 00 3.3 3.6 
9.00 p.m.} 37 27 00/75 00 00 2.2 3.6 
10.00 p.m. | 37 31 30) 74 51 00 1 Far | 3.6 
11.00 p.m. | 37 35 30) 74 41 00 vat 3.0 
12.00 m. 37 40 00 | 74 31 00 .6 3.0 
WED ai GU ceiveneceisivie vice wives 1.00a.m.| 37 438 30] 74 22 00 .6 3.0 
2.00a.m.| 37 48 00]! 74 12 O00 .6 3.0 
ala salataietelala tall eteloleis nia eisin's: alee eu.qeie eletererel eimimrele sieieiccels'] :@ eine aeiemiuiule ©20041 
8.00a.m.| 37 54 00/73 58 30 0 3.0 
9.00 a.m.} 37 59 00] 73 51 30 0 4.4 
10.008. m.| 38 04 00| 73 48 00 2.8 5.0 
1100a.m,/ 38 09 00| 73 44 30 2.8 5.0 
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Surrace TemMPeRATURES TAKEN Waite Under Way Durine Arvantic Cruises, 
SoutH From Norro.uk, 1919, anp NortH rrom Norrouk, 1920—Continued. 


* Temperature (°C.). Stations 
between 
Date. Hour. Latitude. | Longitude. which 
Air. Surface. taken. 
1 ° , wr ° , ” 
LTP hs OR ee 58 ea pee 12.00 m. 38 14 00] 73 40 00 3.9 5.3 
1.00 p.m.]| 38 19 00] 73 35 00 .6 3.9 
2.00 p.m.] 38 24 00] 73 31 00 .0 3.9 
3.00 p.m.] 38 29 00] 73 26 00 ne 3.9 
4.00 p.m.| 38 34 00| 73 21 00 lsat 3.3 
5.00 p.m.}| 38 39 00] 73 16 30 ae 8.3 
6.00 p.m. |] 388 44 00] 73 12 00 1.7 3.3 
7.00 p.m. | 38 49 00] 73 07 00 11 3.0 
8.00 p.m.] 38 54 00| 73 03 00 .6 2.8 
9.00 p.m. | 38 59 00] 72 58 00 2.2 2.8 
BAN GON: choke occ sch] pes ences seul ciat cake not lecte cnet cect  soddadetthineltecccwebsees ©20042. 
OR al roca dt vine scn nes 2.00a.m.} 39 09 00| 72 40 00 3.8 5.6 
3.00 a. m.| 39 14 00| 72 33 00 2.8 5.3 
4.00a.m.| 39 20 00| 72 26 00 22 5.3 
5.00a.m. | 39 25 00] 72 19 00 2.2 5.0 
6.00a.m.| 39 30 30] 72 12 00 u AV 5.0 
7.00a. m.| 39 .35 30] 72 05 30 1.7 5.0 
ciate iaty alate eres | eo oftale cis-cisee |e-cisidu rea acet|« ucte games| seeds ace swlete ©20043. 
12.00 m. 39 35 00|71 50 30 5.6 5.6 
1.00 p.m. | 39 36 30] 71 41 00 2 6.1 
2.00 p.m. | 39 38 00] 71 31 00 6.7 7.8 
3.00 p.m. | 39 39 00] 71 21 30 5.0 Nee 
4.00 p.m.}| 39 41 00] 71 12 00 3.9 5.0 
5.00 p.m. | 39 42 00] 71 02 00 2:2 5.0 
6.00 p.m. | 39 43 00] 70 52 00 2.2 5.0 
7.00 p.m.| 39 45 00] 70 42 30 2:2 5.0 
8.00 p.m. | 39 46 00] 70 32 30 2.8 5.0 
9.00 p.m. | 39 47 30] 70 22 30 3.3 5.0 
10.00 p.m. | 39 49 00] 70 13 00 3.3 5.0 
11.00 p.m. | 39 50 00] 70 03 00 3.9 5.0 
12.00 m. 39 51 30) 69 53 00 3.9 5.0 
LG CS py Eee 6 See 1.00 a.m. ] 39 53 00] 69 44 00 5.6 5.0 
2.00a.m.]| 39 54 00 | 69 34 00 5.6 5.0 
3.00 a.m.]| 39 56 00] 69 24 00 5.6 4.4 
4.00a.m.| 39 57 00] 69 15 00 6.1 5.0 
5.00a.m.|] 39 58 00} 69 05 00 6.7 5.0 
6.00a.m.| 40 00 00 | 68 50 00 Woes 4.7 
7.00a.m.| 40 O1 00} 68 45 30 72 4.4 
8.00a.m. | 40 02 30/68 36 00 2 4.4 
9.00 a.m. | 40 04 00} 68 26 00 8.3 4.4 
10.00 a.m.| 40 05 00 | 68 16 00 8.3 4.4 
11.00a.m.| 40 06 30] 68 06 00 8.3 4.4 
aaa et pieta io on oi eaten eiia sbi | eine = ete= pea meldiebtela aia nies dlea's'sin'vin'e's'<ie C©20044, 
Doce sen tes lacice moe cota cltedantecue siecpmece asc acid lacie week wae'te C20045. 
8.00 p 40 21 00/68 11 00 5.0 5.0 
9.00 p.m.| 40 28 30/68 15 00 4.4 5.0 
somoeie ce cles la see ne ncaa lcdationsees ee | aearnia eas aol einlalcecwestanie C20046. 
12.00 m. 40 40 30/68 22 00 3.3 5.0 
GD: 2aucncacescdedscecsns 1.00a.m.| 40 46 30] 68 24 00 3.3 5.0 
2.00 a.m. | 40 53 00| 68 27 3.3 5.0 
3.00 a.m.] 41 00 00| 68 30 30 2.8 5.0 
4.00a.m.| 41 06 00/68 33 00 2:2 5.0 
Soe caelsee « sc| Sa pee eS co oo ace ae nea e etal its ter omattine |wawesswemocs C20047. 
7.00a.m.| 41 16 30] 68 38 3.3 4.4 
8.00a.m.} 41 23 00)| 68 41 00 2.8 4.4 
9.00a.m.| 41 29 00] 68 44 00 2.2 3.9 
10.00a.m.| 41 36 00} 68 47 00 2:2 3.6 
aogemt eee.ceol ona es n'a ateae etaak i caae dl madeccudeesulpecaesnteamd C20048 
1.00 p.m.| 41 44 00| 68 54 00 2.8 3.3 
2.00p.m.| 41 49 00/69 03 00 2.8 3.3 
3.00 p.m./ 41 54 00] 69 12 00 2.2 2.8 
4.00 p.m.} 41 59 00) 69 21 00 2.2 2.8 
5.00 p.m. | 42 04 00] 69 30 00 2.2 2.8 
6.00 p.m. | 42 07 00} 69 40 30 2.2 3.3 
7.00 p.m. | 42 09 00} 69 51 00 2.2 3.3 
8.00 p.m.| 42 14 00] 69 52 00 2.2 3.3 
9.00 p.m. | 42 22 00] 69 43 00 2:2 3.3 
sie alsers doen d aos cab en eee eco eal vs cots cecbbldbl<b «ee scedua C20049. 
MB aac de awade aati sucess 1.00 a. m.| 42 28 00] 69 47 30 2.8 3.3 
2.00a.m.} 42 26 00] 70 O1 00 2.8 3.3 
3.00a,m.| 42 24 00} 70 14 00 3.3 3.3 
4.00 a.m.} 42 21 00] 70 27 00 3.3 3.3 
5.00a.m.} 42 19 00} 70 40 00 3.3 3.3 
.---| [Boston]. 
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Surrace TEMPERATURES TAKEN Waite UnpER Way Durine ATLANTIC CRUISES, 
South From NorFotk, 1919, anp Nort rrom Norro.k, 1920—Continued. 


R Temperature (°C.). Stations 
a 3 bet ween 
Date. Hour. Latitudes) Longitude.||=—-aa-5,5 | which 
Air. Surface. taken. 
1920. ° , ay ° , uy 
Mar BL ceciean tot senate 12.00 m 42 21 30] 70 43 30 6.7 ied 
1.00 p.m. | 42 25 00] 70 32 00 8.3 hal 
2.00p.m. | 42 28 00] 70 23 00 8.9 eal 
WRIT iE icin ze] Etonie ie om ste s| soimele waleete ists | o.crcl ete eters lle nisinectan ’....| C©20050. 
Mare DGD s ob eeae cve cis breve | Oe Bree erty Cb arate] Crcteetens ee etel tes ctetatate totons ottte | E ACIS oP tere bes, o wiz stern terre C20051.¢ 
IMT Dee diciciato ci micte OMe sim ata a lsye | Sete ele erstatels ote [iaretercte tetera: elated aehetrretctstotecstcte | aa DlcoPace State otei| Siciwic aie ie ete ate C20052. 
10.00 p.m. | 42 44 00/ 68 33 30 3.3 2.8 
11.00 p.m. | 42 44 00! 68 24 00 25:2 2.8 
12.00 m, 42 44 00/68 15 00 renal 2.8 
Mars Bisiacseaceae see ate 1.00a.m.}| 42 44 00] 68 05 30 4h) 2.8 
2.00a.m.| 42 44 00] 67 56 00 -5 2.8 
3.00a.m.}| 42 44 00) 67 47 00 5 2.8 
4.00a.m.| 42 44 00] 67 37 00 5 2.8 
JERS Selo avarchal| tise, Slates Rae | acetate cinterete telat | ral ateercle eet tel etorelm ce ialace ta tate C20053 
8.00a.m.| 42 49 00} 67 30 00 .6 2.8 
9.00a.m.| 42 58 00] 67 34 00 14 3.0 
10.00a.m.}| 48 06 00] 67 388 00 1.7 2.5 
11.00a.m.} 43 14 00} 67 42 00 3.9 2.2 
TE Re ee oS SR oe aS aE RS SS RE Sos eae C20054 
3.00 p.m.| 43 23 30] 67 45 00 3.9 2.2 
4.00 p.m.| 43 31 00} 67 48 00 3.9 ae 
5.00 p.m. | 43 38 00) 67 50 30 3.9 2.2 
BG se Seca Se OU a AY Ea Et SERS ee sees C20055 
8.00 p.m. | 43 47 30] 67 55 00 3.9 PAP) 
9.00 p.m.}| 43 54 00] 68 00 00 3.9 2.5 
10.00 p.m. | 44 01 00]! 68 05 00 3.3 212 
SPIER eh oc [ORs Lee ANE | ty Ger tS ULSD, SERB AMD oti cic ccna C20056 
Mar ae are samen tate ncieier 1.00a.m.} 43 59 00] 68 16 00 3.9 ial 
2.00a.m.| 43 53 00] 68 24 00 4.4 ala 
3.00a.m.| 43 47 00] 68 382 00 4.4 Val 
4.00a.m.| 43 42 00] 68 40 00 4.4 Lol 
5.00a.m.}| 43 36 00] 68 48 00 4.4 11 
6.00a.m.| 43 29 00] 68 53 30 AA | Delete eee 
7.00a.m.| 43 22 00! 68 56 00 7 ay | ee ee a ee 
ERED Shy Gra) Ge eR AN SIA RE A A eR SH C20057 
9.00a.m.| 43 21 30) 68 59 00 4.4 Gal 
10.00a.m.| 43 26 00) 69 08 00 5.0 lee 
11.00a.m.} 48 30 30] 69 18 00 5.0 yg | 
12.00 m 43 35 30) 69 28 00 4.4 1.1 
Dp Ea Lm SE a POCA (ALR Na SAME Rt Oe el ease, te C20058 
3.00 p.m.} 43 38 00 | 69 45 00 6.1 1.9 
4,00 p.m.| 43 34 00); 69 53 00 6.1 Heal 
5.00 p.m. | 48 29 00/70 02 00 6.7 eit 
Miduvaytisd wiih [eres tases Rana Mave oe athe Salta 9 es Rates Ange Leeks hee pe C20059 
8.00 p.m.} 48 18 00]|70 16 00 5.6 1.1 
9.00 p.m.| 43 12 00] 70 20 00 5.6 no 
10.00 p.m. | 43 05 00} 70 25 00 5.6 aeal 
Pat S/S ee (eee PL ae ie or] eee a Ge C20060 
12.00 m 43 02 00|70 25 00 G0 Ls, 
Mare (5. oecucbae cece! 1.00a.m.] 43 01 00{ 70 15 00 6.1 te | 
ee Bhatia a tare SR ITER Si Re oT ARS Ee 2 | es ee eros C20061 
4.00a.m.| 42 54 00] 70 16 00 5.6 ar 
5.00a.m.| 42 47 30|70 22 00 6.1 Led 
6.00 a.m.| 42 41 00|70 28 00 6.1 UKE 
7.00a.m.| 42 35 00] 70 34 00 (sah Le 
8.00a.m.| 42 29 00170 40 00 CM hon eo eee 
HRSG alain tLe SE Ree ae late nee See a] (cle See Steet late mime siete totale C20062. 
es emaeel aiatate Cintelele iclararstutclateratel| Sts rae ey eA Sho Eaaee Aen ciel Bact pe Sed AL ON ane IR Ls mote ohe metrsle [Boston. ] 
Mar LO seine cata tereteicsiste sts T2OO mh. | NR GR ae 9.4 a [| 
1.00 p.m.| 42 19 00] 70 385 30 11.7 10 
2.00 p.m. | 42 18 00] 70 24 00 12.2 Lod 
3.00 p.m.| 42 17 00] 70 12 30 9.4 Leas 
4.00 p.m.| 42 16 00] 70 01 00 10. 6 2.2 
5.00 p.m.| 42 15 00] 69 49 00 10.6 2.2 
6.00 p.m.| 42 13 30] 69 37 30 9.4 2:2 
7.00 p.m. | 42 12 30] 69 26 00 8.9 202 
8.00 p.m. | 42 11 00] 69 15 00 8.3 Zia 
9.00 p.m. | 42 10 00} 69 03 00 7.2 2.2 
10.00 p.m. | 42 09 00] 68 51 30 a2 2:2 
11.00 p.m. | 42 08 00} 68 40 00 Cpe] 2.2 
12.00 m. 42 07 00168 28 00 “2 2.2 


a Temperatures discarded between stations 20051 and 20052. 
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SurFACE TEMPERATURES TAKEN WHILE UNpER Way Durina@ ATLANTIC CRUISES, 
Soutn From Norrotk, 1919, anp Nortu rrom Norro.k, 1920—Continued. 


Temperature (°C.). Stations 
Date. Hours. | Latitude. | Longitude.|——__—__|_ between 
Air. Surface. taken. 
1920. ° , ”” ° , M7 
PATER Moan ve es. Seda Sod 5a 0¢ 1.00a.m.| 42 06 00] 68 16 30 Gig. fe tecn eeeees 
sp Aen St en had sj ctatet ae hcg | ras = ae ne cecal cs kee Se berd ja] areata eee eee pO Coooe 
4.00a.m.| 42 05 00] 68 09 00 6.7 30 
5.00a.m.| 42 07 00] 67 59 30 6.7 3.3 
6.00a.m.]| 42 09 00 | 67 50 00 6.7 3.3 
7.00a.m.| 42 11 00] 67 40 00 Tee 3.3 
8.00 a.m 42 13 00] 67 30 00 rey} 3.3 
9.00a.m.| 42 15 00] 67 20 00 9.4 3.9 
2 SE ep | Cee oe mee (oe crane: © 4 Aa BN DAN | Lae) A) 9 Fe Nae ce C20064. 
1.00 p.m.| 42 28 00 | 67 12 00 9.4 3.3 
2.00p.m.| 42 13 00] 67 08 00 2) eee an 
3.00 p.m.}| 42 07 00 | 67 03 00 BEG! 3 ico ci ee ak 
4.00 p.m.| 42 02 00 | 66 59 00 WS etc eoee® 
5.00p.m.}| 41 56 380] 66 54 00 CASE) epee eee 
7.00 p.m.}| 41 49 00] 66 51 00 8. 
8.00 p.m.| 41 40 30| 66 47 00 8. 
DARN. fe cos op cunt wicwacas 1.00a.m.| 41 26 00|66 39 00 9.4 
2.00a.m.| 41 20 00] 66 35 00 8.9 2.8 
Feo SSO Rann 6 ur cel | aieeats Steere ees (ae ee 2! SR Pe ee a C20067. 
5.00 a. m. Ss) (a) 9.4 2.8 
6.00 a. m. (a (@) 10.0 2.8 
7.00 a. m. (a) (2) 9.4 2.8 
SS VOR RO TOA Eero SET ieee (ea Tk ol ae a ee C20068. 
10.00a.m.| 40 55 30] 66 15 00 10.0 3.3 
11.00a.m.} 40 49 00] 66 10 00 11.1 338 
HB ae 35 EEE) (ES Seite Id | WSC aa Aaa |e Meet a7 Pee Meg Se C20069. 
@00p.m.| 40 54 00] 66 O8 00 10. 6 3.0 
4.00 p.m.| 41 01 00/66 08 00 10.0 3.3 
5.00 p.m.| 41 09 00 | 66 08 00 10.0 3.3 
6.00 p.m.}| 41 17 00] 66 08 00 9.4 3.3 
7.00 p.m.| 41 24 00 | 66 08 00 9.4 3.3 
8.00p.m.| 41 32 00/66 08 00 9.4 3.3 
9.00 p.m.| 41 89 30 | 66 08 00 9.4 3.0 
10.00 p.m.| 41 47 00; 66 08 00 9.4 3.3 
11.00 p.m. | 41 54 30] 66 08 00 8.9 3.3 
12.00 m. 42 02 00 | 66 08 00 10.0 3.3 
LEAR OS ae eee 1.00a.m.} 42 06 30} 66 08 00 4.4 2.8 
Boh eset Ceo echo Heyes ic eae era EE domes Sareea foe ror eR lo Feral o ciotn atone C20070. 
4.00a.m.| 42 11 00/66 09 00 10.0 2.8 
Sie Mee ais se ah ae aerate Se emcee Shere LAN ate ete OIE es C20071 
7.00a.m.| 42 22 00] 66 00 00 10.0 2.8 
8.00a.m.| 42 33 00] 65 52 00 TOKO. neti Bese 
Fa |e ee Aer |) ae ee) i Ga A 7 i ge oe C20072 
10.00a.m.| 42 40 00/65 48 00 9.4 2.8 
11.00a.m.| 42 48 00] 65 45 00 9.4 2.8 
12.00 m. 42 56 00/65 40 00 9.4 2.8 
1.00 p.m. | 43 04 00] 65 36 00 9.4 2.8 
2.00 p.m. | 43 12 00} 65 32 00 9.4 2.8 
3.00 p.m. | 43 20 00| 65 27 00 10.0 2.8 
4.00 p.m. | 43 27 30] 65 21 00 10.0 2.8 
5.00 p.m.| 43 35 00] 65 15 00 10.6 2.8 
6.00 p.m. (>) 23 10.6 2.8 
7.00 p.m. b 11.1 2.8 
8.00 p.m. (> 23 Tha 2.8 
9.00 p.m. (>) (o 12. 2 2.8 
10.00 p.m. (5) (6) 12.2 2.8 
11.00 p.m. iS) (>) 12.2 2.8 
12.00 m. b b 202 2.8 
MAM 14 sc scencs ames ace eae 1.00 a. m. (0) b 2 2.8 
2.00 a. m. (0) b 7.2 2.8 
3.00 a.m. (5) (5) 7.2 2.8 
4.00 a. m. (>) (>) 4.4 ore 
5.00 a. m. (>) () 4.4 22 
6.00 a. m. +53 3 3.9 oI 
7.00 a. m. b) b) Dm | on ceweteeee 
8.00 a. m. +53 633 2.8 2.2 
: 9.00 a. m. b) b 22 22 
10.00 a. m. (>) (>) 2.2 252 


Position at this hour doubtful. Surface temperature 37° F. between stations 20067 (lat. 41° 15’, long. 
66° 31’) and 20068 (lat. 41° 02’, long. 66° 20’). 
> Anchorage, Shelburne Harbor, N. 8. 
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SurFacE TEMPERATURES TAKEN WHILE UNDER Way Durina ATLANTIC CRUISES, 
SoutH From NorFouk, 1919, anp NortH From Norrouk, 1920—Continued. 


Temperature (°C. ). Stations 
n et ween 
Date. Hour. bp y apy eG 5 |] VU Ca ye Ces BL) ae, 
Air. Surface. taken. 
1920. ° , ZA ° / Mt 
Mar le. oor ii ese: 11.00 a. m. (a, (a) iz 2.2 
12.00 m. (a) (2 ner 2.2 
1.00 p.m. (a) (a 2.2 Qua 
2.00 p.m. (@) (a) -6 22 
3.00 p.m. (a) (a) .6 2.2 
4.00 p.m. (a) (a) 6 DD 
5.00 p.m. (@ (a) . .6 PAY 
6.00 p.m. (@ (a) .0 PI? 
7.00 p.m. (4@ (a) nO) 252 
8.00 p.m. (a) (a) .5 2.2 
9.00 p.m. (a) i) 2.2 
10.00 p. m. (a (a) 0 2.2 
11.00 p.m. (a) (a) 1a PP 
12.00 m. (2) (a) 1.1 2.2 
Marnie eee sc 1.00 a. m. (a (a) 2.2 2.2 
2.00 a. m. (a) (a) 2:2 AZ 
3.00 a. m. (2) (2) 2.2 1.7 
4.00 a. m. (a) (a) 2.2 a 
5.00 a.m. (@) (2) 2.2 beef 
6.00 a. m. (a) (a) on, ® Th 7 
7.00a.m. tay (2) 1.6 ib 
8.00 a. m. (a (a) iil bY 
9.00 a. m. (a) (a) 5 17 
10.00 a. m. (a) (a) ais ibal 
11.00 a. m. (@) (a) .0 11 
12.00 m. (a) (a) .6 ik al 
1.00 p. m. (@) (@) 2.2 1 
2.00 p. m. (a) (2) 4.4 1 
3.00 p. m. (a) (2) 4.4 al 
4.00 p. m. (a) (a) 4.4 ib 
5.00 p. m. (a) (a) 4.4 GA 
6.00 p. m. (a) (a) 4.4 hil 
7.00 p. m. (a) (a) 4.4 ib il 
8.00 p. m. (a) (a) 3.9 iby)! 
9.00 p. m. (a) (a) 3.3 11 
10.00 p. m. (a) (a) 11 11 
11.00 p. m. (2) (a) 5 1 
12.00 m. (a) (a) aKa) Ve 
Marsal 7 ictcccceomer deco: 12.00 m 43 37 30/65 15 30 10. 6 2.8 
Erinisibicjersiaisie re |S eisinia cis elotae sl boise seo mee | Remote ee Ree .---| C20073. 
3.00 p.m.} 43 34 00] 65 11 00 10.0 2.8 
4.00 p.m.}| 43 38 00] 65 15 30 9. 4 2.8 - 
ERISG SUG NOBDU OOS OLS DOM Go| aocbh Soar Geel aonusecicaeos lssnnsescpes 4 bac sobduosed WAseeuas ..--| [Shelburne.] 
Marti Qaee: oo eb ee eee 8.00a.m.| 43 32 00] 65 08 30 21.6 2.8 
9.00a.m.} 43 25 00] 65 03 00 17.8 14 
ER ddinarse cinta |e satire stot Sete | Res Aedes | Se Mlelo ate BOTESE Bore tice ..--| C20074 
12.00 m 43 14 00, 64 54 00 15. 6 8 
1.00p.m.| 43 07 00] 64 47 00 4.4 6 
2.00 p.m.| 42 59 00| 64 40 00 3.9 6 
ER abil fen wre | Khas hate os Mere | ARES ce cee SN We OM a nee agen C20075 
4.00p.m.| 42 53 00/ 64 36 30 3.9 6 
5.00 p.m.} 42 45 00| 64 34 00 3.3 8 
6.00 p.m.] 42 36 30] 64 31 00 2.8 6 
CY ce belo kaelersesl ep cacis see wal ae ace Rees | sere eee cence C20076 
9.00 p.m.| 42 30 00) 64 26 30 4.4 Bal 
Mar: 319/20: 205 05 20206 2. Sees [ak Ee Sl eee NE ea ee a | al ep ds : C20077 
BETZ Meera ecm oate's 1.00a.m.| 42 26 00} 64 25 00 5.0 Bal 
2.00a.m.| 42 30 00| 64 36 00 5. 0 1 Bal 
3.00a.m.| 42 35 00/ 64 46 00 5.0 ea 
4.00a.m.} 42 38 30) 64 57 00 4.4 11 
5.00a.m.| 42 43 00)| 65 07 30 4.4 Lek 
6.00a.m.| 42 47 00| 65 18 00 C5 | a eS 
7.00a.m.} 42 51 00)! 65 29 00 SM RE Pte) 
8.00a.m.| 42 55 00| 65 39 00 PLT ENS errs 
A aes on ba Seteainl Sheets dette cial aerate ee oks| 6 kd cease OC e0O NS 
11.00a.m.| 43 05 30) 66 01 00 iby 17 
12.00 m. 43 12 00/ 66 10 00 2.8 LE 
1.00 p.m.| 48 18 00) 66 19 30 1.1 Sy / 
2.00 p.m.| 43 24 00| 66 29 00 1.1 2.2 
3.00 p.m.| 43 30 30 | 66 34 00 2.8 2. 2 
4.00p.m.| 43 36 30) 66 34 00 3.5 2.5 
5.00 p.m.| 48 42 00) 66 33 00 3.9 2.2 
6.00 p.m.} 48 46 30) 66 27 00 3.9 2.2 
7.00 p.m.! 43 52 00! 66 24 00 exs gt 
a Anchorage, Shelburne Harbor, N. S. 
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Surrace TEMPERATURES TAKEN WuHILE UnpEeR Way DuriInG ATLANTIC CRUISES, 
Sourn rrom NorFrotx, 1919, Anp Norta rrom Norroxk, 1920—Continued. 


| Temperature (°C.). Stations 
Date. Hour. Latitude. | Longitude. |--—— ee hea Oe * 
Air. Surface. taken. 
1920. ° ’ a” ° , ” 
AN Bere tan ee a 8.00 p.m.| 43 58 00} 66 24 00 3.8 yi 
9.00 p.m.| 44 04 00} 66 24 00 Legit hy) 
10.00 p.m.| 44 06 30) 66 19 00 pl 17 
Re oie care ca Sales eaten of Segue eters =| ete orale ere la aie cte ip nin t= 8 ca ars enitm sie} win = 'n + n= mile C. St. Mary.] 
Son SS | |e ie Se IR Oe en ee ER ee Se eee ooo See emcee St.Mary Bay.] 
LOE ge) ie ee Sete ea eee 6.00a.m.{ 44 10 30} 66 16 30 (eal .6 
7.00a.m.| 44 16 00} 66 17 00 11 .6 
1.1) 0 aii i a Bp be 11.00a.m.| 44 09 00} 66 29 00 9. 44 1. 67 
12.00 m. 44 17 00| 66 34 00 10. 56 1.95 
Be meet pees Is 2k age eee IB 4 epee, ieee | I en se ira] BEE Sea See! C20079. 
4.00 p.m.| 44 21 00/ 66 49 00 7. 22 2.5 
5.00 p.m.| 44 21 C0} 67 00 00 6. 11 2. 22 
6.00 p.m.| 44 21 00) 67 12 00 6. 11 2. 22 
7.00 p.m.| 44 21 00/} 67 23 00 6. 11 2.5 
pba iy 2) gel RAE Pelee kel Seb SAR ol | |e Meter see hl Aemmoeriomige C20080. 
10.00 p.m.}| 44 16 00| 67 33 00 yin Os Baneeor Ce nae 
11.00 p.m.} 44 09 00| 67 27 00 5. 56 1.95 
LAA ye Soa Re | be, 2 ee et NR SR! PERE Bre Ae (baths Soeeen a eee a aecoaae C20081. 
LEN TROY 5 1 ee ll a 2.00a.m.| 44 05 00) 67 19 00 6. 11 1. 67 
3.00a.m.| 44 O01 30] 67 10 00 6. 11 1. 67 
4.00a.m.| 47 57 00} 67 O1 00 6.11 1. 67 
SYPE Te all ct eel Pl eee eile lad B hips 2| Pea a eae C20082. 
7.00a.m.}| 438 51 00} 66 43 00 7. 22 2. 22 
8.00a.m.| 43 47 00| 66 30 30 7. 22 2. 22 
11.00a.m.| 43 35 30] 66 18 00 7. 78 1, 95? 
12.00 m. 43 30 00] 66 15 00 (hits | easeeaoaon ac 
1.00 p.m.| 43 24 00} 66 12 00 8.33 2. 22 
Baan, sR aeet| Gaeta sate aostare Snen| Rarene peas apm esemocee C20084. 
4.00p.m.} 438 18 00] 66 20 00 (1 let VN BRAS 
5.00 p.m.| 43 17 00 | 66 30 00 {Sah )ol I Se Ee ene 
Dae} ae een PD bao sae | Sees enet eeenety naw Me eee SR ee C20085. 
7.00 p.m.| 43 15 00} 66 45 00 sci ee Soe 
8.00 p.m.}| 43 13 00| 66 51 00 RESO ee create ae 
9.00 p.m.| 43 11 00/| 67 07 00 8. 33 3.08 
a SE a pai bp REO beet |g a ae OS il ene nee) I eR oe C20086. 
12.00 m. 43 18 00} 67 17 00 7. 78 2. 5 
MATS Cie ce wan ceca ace ae 1.00a.m.} 43 10 00] 67 25 00 7. 78 2.5 
2.00a.m.| 43 02 30) 67 33 00 7.78 2/22 
3.00a.m.| 42 59 00} 67 40 00 (22 2. 22 
4.00a.m.| 42 56 00| 67 48 00 (O24 2122 
5.00a.m.] 42 53 00] 67 56 00 (AV? 2522 
6.00a.m.}| 42 50 30] 68 04 00 7. 22 2522 
7.00a.m.| 42 47 00/ 68 13 00 8. 89 2.5 
8.00a.m.} 42 44 00] 68 20 00 8. 89 2.5 
9.00a.m.]}] 42 41 00) 68 28 00 12. 22 3. 05 
10.00a.m.| 42 41 00} 68 37 00 12. 22 3. 05 
11.00a.m.| 42 40 00/ 68 46 00 12. 22 3. 05 
12.00 m. 42 39 00/68 55 00 11. 67 3. 05 
1.00p.m.}| 42 38 00} 69 04 00 11.11 4. 44 
2.00p.m.} 42 38 00/69 13 00 11. 1i 3. 89 
3.00 p.m.| 42 37 00; 69 21 00 11, 67 3. 33 
i eT Ap RN PE A Mi it) TER ee © 1 ylang 20087. 
6.00 p.m.| 42 34 00] 69 31 00 8. 33 2.5 
7.00 p.m.| 42 28 00] 69 38 00 8.33 2.5 
8.00p.m.| 42 23 00] 69 45 00 8. 33 2. 22 
9.00 p.m.| 42 17 00] 69 51 00 8.33 2. 22 
Set eRe) EE en oR et gee eel iS Meee ee C20088. 
12.00 m 42 16 00] 70 09 00 7.22 2. 22 
SY iy eh a'a.« os Oeics Se 1.00a.m.| 42 18 00] 70 24 00 6. 67 2. 22 
2.00a.m.| 42 19 00} 70 31 00 6. 67 2.5 
3.00a.m.]| 42 20 00] 70 39 00 6.11 2. 78 
eee tse a he nite a etna aae | eee ae scr <0] vin = Aa came eet ae eel ios nino emt he] afois'= sia sen a {Boston.] 
PDE SE Os coc Fo Sk eee ao oe 3.00 p.m.| 42 25 00/70 44 30 6.11 3. 33 
Bo OR PY || Ca ie ine pl el ee C20089. 
5.00 p.m.| 42 31 00] 70 41 30 5. 00 2. 78 
Apr. 9and1l0....... EF Pel ies? aS i, |i, Ske en ae eee well ere Mere, 3 aa vatetong C20090_ to 
C20096, in- 
clusive.@ 
Eee IO ecu etre oe 6.00 p.m.| 43 45 00] 69 38 00 7. 22 2. 22 
7.00 p.m.| 43 40 00] 69 29 30 6.11 2. 22 
8.00 p.m.| 43 35 00] 69 20 30 G00, 1S. . suaee ee 
9.00 p.m.| 43 29 30| 69 12 00 rhe ha Betas foes 
} 10.00 p.m.| 43 24 00] 69 03 00 wae | LS Paes 


o Temperatures discarded between these stations. 
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SurFACE TEMPERATURES TAKEN Waite UNDER Way Durine ATLANTIC CRUISES, 


U. S. BUREAU OF FISHERIES. 


SoutH From Norro.k, 1919, anp Nort rrom Norro.x, 1920—Continued. 


Date. « 


1920. 
Apr. 10 to 11 
DN 9) sia OS en See oe ee 


Latitude. 


Longitude. 


Temperature (°C.). 


Surface. 
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Stations 
between 
which 
taken. 


[Bar Harbor.] 
20099. 


C20102. 
{ Yarmouth. ] 


€20103. 


C20104. 
C20105. 


C20106. 


C20107. 


20108. 


C20109. 
C20110. 


C20111. 


|; ©20112. 


C20113. 
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SurFACcE TEMPERATURES TAKEN Waite UNpeR Way Durinea ATLANTIC CRUISES, 
Sour From Norro.k, 1919, AND NorrH rrom Norroik, 1920—Continued. 


Temperature (°C.). . Stations 
: * . between 
Date. Hour. Latitude. | Longitude. |}——-———— which 
Air. Surface. taken. 
1920. °o , a” °o e ” 
ODM SAARC SHS Se) eee 5.00 p.m. | 42 47 00] 68 06 00 7.22 3.33 
6.00 p.m.| 42 45 00] 68 17 00 tee 3.33 
7.00p.m.]| 42 43 00} 68 29 00 7.22 3.33 
ee ee eer aie ae eee eee ag Sor ie keels anil ala idainesivia 020114. 
10.00 p.m. | 42 42 00] 68 46 00 7.22 3.05 
11.00p.m.| 42 44 00] 68 58 00 7.22 3. 33 
12.00 m. 42 47 00] 69 11 00 7522 3.33 
Ach kGaeancscwen creer cncs 1.00a.m./ 42 44 00] 69 12 00 6. 67 3.33 
2.00a.m.} 42 39 00} 69 18 00 6.11 3. 33 
3.00a.m.| 42 37 00] 69 28 00 6.11 3. 33 
ee ace ola pttan eects nie date ct a St ob aetodbeinisie sides cia C20115. 
6.00a. m.| 42 32 00/69 38 00 6. 67 3.33 
7.00a.m.| 42 24 00] 69 45 00 ACG a ie ts oe 
8.00a.m.| 42 16 00| 69 51 30 GOUIE eee 
9.00a.m.| 42 09 00] 69 45 00 Oo sees SSeS 
eee ORE Scace| ct eee 5 Sees SA PRY EA Soya 2 | Riss detects C20116. 
12.00m. | 42 06 00| 69 48 00 7.78 3. 33 
= SS ee Eh SE ee ge a LO ere) (Ee ee Ss 5 ee eS C20117. 
3.00p.m.| 42 07 30] 70 09 00 8. 89 3. 05 
4.00 p.m.| 42 04 00! 70 17 00 8. 89 3.05 
sno te SASS SE SERBS AEBS S BEE Oe bonne ceca ben) Sasa 2 aie ee See be Prete orcicod peSsenace no. [Province- 
town.] 
LT) 2 BS RAE SA SASSER REOG ESBeDe pao coo Ary s56oen oe 4 SReosboe seo GeBerocececd Baadsenr csc C20118. 
WEG aS AS eee 10.00a.m.| 42 26 00|70 41 00 20.0 8.89 
Be Sr ell SE a ee ene es ene Nay ee eae tee al Ce ee cee C20123. 
1.00 p.m.| 42 28 00] 70 35 00 20.0 10. 00 
Se ae ATS ee Re ee) as 6 De See eR ee ae Se ©20124 
8.00 p.m.| 42 10 00) 69 57 00 13.3 8. 90 
9.00 p.m.| 42 05 00} 69 52 00 10.6 9. 
Ee as bee | ae hehehe eae ememiaes atid | pecie sacs cals wane e Oo ew ec C20125. 
12.00 m 41. 53 00| 69 39 00 12.8 8.3 
MAW ieee stem sacs os eeler 1.00a.m.| 41 47 00 | 69 32 00 12.8 8.3 
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PRESERVATION OF FISH NETS. 


By Harven F. Tayior, Assistant for Developing Fisheries and for Saving and 
Use of Fishery Products, U. S. Bureau of Fisheries. 


Contribution from the Fishery Products Laboratory, Washington, D. C. . 


INTRODUCTION. 


The art of net preservation grew up long ago, as it might be 
expected inevitably to do, where it was necessary to make fishing gear 
of nonliving plant fibers that are exposed to the destructive affects 
of water, air, and sunlight. The word “ art” of net preservation as 
distinguished from “science” of net preservation is used advisedly ; 
one needs to see only the multiplicity of recipes for curing or preserv- 
ing nets to be convinced that the processes belong to the same class 
as cookery or home treatment of diseases, where each locality and 
often each family has its own recipes or formulas, which are tena- 
ciously adhered to and believed in. The many recipes found in the 
literature represent the fisherman’s efforts to make his expense and 
labor count for more by prolonging the life of the net and reducing 
his overhead expenses. 

The purpose of this paper is not to collect all these old recipes for 
preserving nets, but rather to review the literature of the subject and 
to present the fundamental principles in the light of chemistry so far 
as they are known, and to give for use those recipes which, from a 
chemical standpoint, seem best calculated to serve their purpose. It 
will be seen that while many methods as practiced are empirical and 
crude, they nevertheless contain the germ of correct chemistry, and 
not a little progress has been made in improvement of technique by 
chemists, notably Thy. Lindeman and Henrik Bull in Norway and 
J. T. Cunningham in England. Most of the work has been done by 
the Norwegians; as a matter of fact, only one important paper, that 
of Cunningham, has been found, in any language other than Nor- 
wegian, as shown by the list of references at the end of this paper. 


NATURE OF DISINTEGRATION OF NETS. 
MECHANICAL WEAR AND TEAR. 


Before considering the various treatments that are given nets to 
prolong their usefulness, it may be profitable to consider the nature 
of the wear and tear that ruins nets. Obviously mechanical wear is 
- one of the great enemies of nets. The threads rub against one an- 
other, against the gunwales of the boat, and against the floats and 
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leads; this rubbing slowly abrades the threads and wears them out. 
Actual breakage by being caught on snags or by the struggles of 
large fish and the like must be reckoned with; such breakings, of 
course, become more numerous when the net becomes weaker by rot- 
ting. A factor in the destruction of nets that is sometimes over- 
looked may also be mentioned here: That when the threads are coated 
with thick tars and the like the total weight of the net is greatly 
increased and the preservative action of the tar is thus in part neu- 
tralized, the pull of the extra weight being added to other strains 
that may break the threads. 


BACTERIAL DECOMPOSITION. 


But of more importance than mechanical wear and tear in shorten- 
ing the life of nets is the action—chemical in nature—of water and 
air, aided by other agencies, particularly bacteria, in causing a weak- 
ening and rotting of the fibers. This rotting deserves very careful 
study, for it destroys nets long before they would otherwise be 
destroyed by mechanical wear and tear, and its nature, while exceed- 
ingly complex, must be understood, at least in part, before remedial 
measures can be taken intelligently. 

Up to this point chemistry has made some progress, and some 
valuable work has been done on the chemistry of preserving mate- 
rials, but as a whole the fishing industry has never taken very 
kindly to chemistry, and most of the work that bears useful fruit 
for the net preserver has been incidental to work in other important 
fields—the tanning of leather, bacteriology, and textile science. We 
must admit frankly that we know very little directly about the inti- 
mate nature of the rotting of nets. 

In the discussion of bacterial decomposition let it be assumed that 
cotton nets are being considered, because it is chiefly nets of this 
material that need preserving. They consist of fine fibers of almost 
pure cellulose, a substance very close to.starch in composition, differ- 
ing from it chiefly in being insoluble in water under all ordinary 
conditions, while starch, by simple treatment, may be made to dis- 
solve. Cellulose can be made soluble in different liquids by severe 
chemical treatments. As bacteria are also capable of dissolving or 
rotting the fibers some detailed consideration will be given to their 
mode of action. 

Bacteria are plants, so very small that they can be seen only by 
the aid of a microscope; they are not provided with many parts, as 
are the large plants of our acquaintance, as they have no roots, leaves, 
bark, or flowers; they are simple little rods or spheres, movable, 
reproducing under favorable conditions with the greatest rapidity. 
They have no claws, mouth, jaws, teeth, or any other offensive 
weapons. How, then, do they do the great damages that they are 
accused of? In a most interesting and important way. We know 
that land plants take nourishment from the ground and air by im- 
bibing it and that they have no mouths or offensive weapons. So 
do bacteria, by absorbing or soaking up the food on which they live. 
But anything to be absorbed must first be made liquid; solids can 
not be soaked up, and it happens that very few natural foods are 
liquid. So the bacterium must secrete a digestive juice that causes 
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the solid food surrounding it to liquefy, whereupon the liquid food 
is absorbed. This digestive juice acts in a way similar to that of the 
human digestive juice, and for the same purpose; the principal dif- 
ference between our own digestion and that of bacteria is that ours 
takes place inside our bodies after the food is taken in, while the 
bacteria digest it before. So after all there is nothing incredible 
about it. Most bacteria are equipped for using a particular class of 
foods—they are meat eaters, sugar eaters, starch eaters, fat eaters— 
and they do not mix foods. They are able to secrete a digestive 
juice capable of liquefying that particular food on which they live. 

Now, from what has been said, it is easy to see that the damage 
done to nets by bacteria must be done in either one of two ways, viz, 
the digestive juice itself or some of the changed products of digestion 
must attack the nets or else the waste products thrown off from the 
bacteria themselves (and some of these are active or virulent chemi- 
cals) must do so. If the digestive juices attack the cellulose fibers of 
the net, of course the fibers are dissolved, and this dissolution would 
be a very effective rotting. At any rate, what has already been said 
constitutes about all that can confidently be said about the intimate 
nature of bacterial decomposition of nets. If any more is to be 
known about it, a study must be undertaken. 

For preserving nets against bacteria a number of possibilities sug- 
gest themselves. Since bacteria require water for activity, it is plain 
that if we keep the nets dry as much as possible we lessen the de- 
composition. But since the use of fish nets requires them to be wet, 
another step may be taken against the bacteria. It is possible to 
impregnate the fibers with substances that are poisonous to bacteria, 
or, quite as effective, which spoil the activity of the digestive juices 
produced by bacteria. Creosote and substances containing copper 
have been used for this purpose. Another method of preventing the 
destructive action of bacteria is to make the fibers insoluble and 
proof against the digestive action of bacteria. For hardening the 
fibers and making them harmful and indigestible to bacteria, tanning 
barks and extracts, such as birch bark, catechu, quebracho, quercitron, 
ete., have been used. These will be considered in detail later. Mean- 
while other methods of resisting the action of bacteria are to cover 
the fibers with a protective coating, such as tar, linseed oil, etc. 


OXIDATION. 


Another enemy to nets is oxidation. The air consists of one-fifth 
oxygen, a colorless gas, which supports all fire and also is the active 
constituent of our breath. When one “sets fire to” a combustible 
- material one so heats a small part of the material that the oxygen 
of the air combines directly with it. This combining releases more 
heat, which in turn hastens the combining of more oxygen with still 
more of the material, and so on, until the material is burning. While 
most combustible substances either burn rapidly or not at all, some 
things may oxidize slowly. For example, when nets are stored wet, 
covered with herring oil, blood, and slime, all of which are easily 
oxidizable, the oxygen of the air combines with these fish residues 
and probably also with the net. A heating thus begins, and the nets 
may even take fire; if not, the heat generated may be sufficient to 
weaken or destroy them. 
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To prevent this oxidation it may be sufficient to coat the nets with 
a covering like tar or linseed oil; it is, however, probable that tan- 
ning the fibers makes the fibers less likely to heat. The simple pre- 
caution of washing the nets clean and drying them while spread out 
is usually sufficient to prevent damage from overheating. 

It is further possible that the products formed by the decomposi- 
tion of fish slime and oil are injurious to nets. 

Searcely any treatment will confine itself to preventing any one 
of the attacks on nets mentioned above, but should be directed toward 
prevention of all causes of disintegration. The successful process 
must (a) destroy bacteria or prevent their action, (b) make the 
threads insoluble and proof against the digestive action of bacteria, 
and (c) prevent oxidation by coating the fibers or making them 
proof against oxidation. 


COLORING OF NETS. 


Before consideration is given to net-preserving materials, another 
purpose of curing nets should be mentioned. When nets are treated 
or cured, their color is usually changed, and it is argued that a less 
conspicuous net is less likely to frighten away fish. This is a dis- 
puted point (see Jessen, 1910),* though it might seem perfectly 
natural that an invisible or poorly visible net would be less likely to 
frighten fish. It must be remembered, however, that a fish does not 
see through human eyes but through fish eyes and that a color that 
1s conspicuous to our eyes might not be readily discerned by a fish. 
The French sardine fishermen use (at least they did several years ago) 
a combination of soap and bluestone that imparted a bright green 
color to the nets; it was claimed that these caught more fish than nets 
not dyed. The Norwegians have a word, “ fiskelig,” that they apply 
to nets that are good catchers of fish. Bluestone is applied to nets 
(by methods to be mentioned later) to make them fiskelig by mak- 
ing them bluish green. This is done, of course, on the assumption 
that if the net is in color similar to sea water the fish can not see it 
well and so do not avoid it. : 

Many scientific investigations have been conducted to determine 
whether fishes can distinguish colors or not. Most of the evidence 
goes to show that they can; but perhaps they can see fewer colors 
than humans can. Some investigators have secured evidence that 
fishes do not distinguish color but that they get different amounts 
of light from different colors. Thus, a bright green would give more 
light, or appear hghter in shade, than a dark red, though a fish could 
get no effect of greenness or of redness. It is also possible, even 
probable, that different kinds of fish have different abilities to see 
colors. Thus, it is argued, light does not penetrate very deep into 
water, and so fishes living at some depth could not see colored ob- 
jects, even if they had eyes equipped for color vision; and, since 
nature does not commonly provide useless organs or powers, color 
vision is not among the accomplishments of bottom-living fishes. 


a 7 + -- -- a — 


« Author’s name, with year mentioned in parenthesis, refers to the “ Citation of Liter- 
ature’ at the end of this paper. For exampie: Jessen (1910) refers to the paper by 
Peter Jessen,, published in 1910, a reference to which will be found at the end of this 
paper, 
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But it is not necessary to go further into this disputed subject. It 
stands to reason that fish perceive differences of brightness, and 
probably of color, and that if we make a net similar to sea water in 
both shade and color it will not be so readily visible. Those who 
might wish to go into this subject are referred to the article by 
Reeves (1919). 


PRESERVATION OF NETS BY TANNING MATERIALS, 


The materials most widely used for curing nets are tanning ma- 
terials—barks of birch, oak, spruce, hemlock; extracts of bark or 
wood, such as catechu, quercitron, quebracho, and the like. For pre- 
serving, the original process consisted of immersing or soaking the 
net in a decoction of bark, or in a solution of the extract. One of the 
earliest methods was the so-called “ cold-tanning,” a slow process 
described by Aase (1912). This writer says that the old Norse fisher- 
men used the same nets over and over for from 30 to 50 years. He 
also says that while much of this superiority of their nets might be 
explained by the fact that their thread was selected and spun by hand, 
and therefore better than modern machine-spun threads, the differ- 
ence between those times and the present, when one is lucky to use a 
net for from 3 to 10 years, is too great to be explained by the home- 
spun theory. He accounts for the difference by the cold-tanning 
process, described as follows: 


_ COLD TANNING. 


Every net owner had his own large tanning vessel, which provided a place 
for both bark and net. In this vat was placed as much water as there was use 
for, and to every barrel of water was added 14 vog (1 vog=36 pounds) of birch 
bark, well broken up. This was allowed to stand four or five weeks, but was 
daily stirred around with a stick so that it cou'd not become thick and slimy. 
The nets were put into this mixture. In the bottom of the vat a hole was pro- 
vided so that the finished liquor could be tapped into a tub and poured back over 
the net to cover thoroughly the upper part of the net which otherwise might 
not come under the bark. The net remained in this vat two or three days, and 
every day the liquor was poured over it several times. 

Such a barking gives little color, but makes the net hard. To produce the 
desired color it must not go into the bark a single time only. Nay, it must be 
dried and again laid in the tan vessel if there is any bark left, as many as 
four or five times. After it is dried it is dipped into the sea, and it now takes 
on its right color for the first time—a color it will hold for years. If the barking 
is repeated every year the net becomes harder and harder as it grows older. 

The method takes a long time, and demands much labor; when more and 
greater nets began to be used, and prices of birch bark also rose, other methods 
of barking began to be tried. 


HOT TANNING. 


The next step in the development of processes of net curing was 
the employment of a warm barking. The bark is boiled, and the 
nets are treated in the hot decoction. Aase is authority for the state- 
ment that “ with this method of tanning the net acquires color and 
hardness with one treatment, and much time can by this method be 
saved. But experience has shown that warm tanning does not endure, 
by a great deal, so long as cold tanning.” 
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Then the extract, catechu, came into use. This extract is not so 
bulky, is readily soluble in water, and has been used successfully. The 
methods as practiced varied greatly, the variations being apparently 
not based on any particular reason. In general, the extract is dis- 
solved in water—1 pound of catechu to from 1 to 3 gallons of hot 
water—and applied to the nets. 

Nets preserved with tanning extracts are brown or tan in color and 
-are more resistant to decay than untreated nets, as will be seen in 
figures to be given later. The tan, however, washes out, and it is 
_ necessary to repeat the treatment often. 


CHEMISTRY OF TANNING MATERIALS. 


Before going further with the methods of curing nets with tanning 
materials, it will be necessary to consider the chemistry of the latter. 

It is not improbable that the treatment of nets by tanning was in- 
duced by the success of the treatment of animal skins by such ma- 
terials to make leather. Tanning materials are bark or other parts 
of various trees which produce a reddish or brownish solution when 
steeped in cold water. There is scarcely a tree or shrub in some 
part of which tanning substances are not found. 

The action of those materials may be illustrated by their effect on 
leather. Untanned hide when boiled for some time is nearly all 
dissolved; after it has been treated with tan liquor it is scarcely 
affected by boiling. When untanned hide is left in a moist condi- 
tion for some time it putrefies; tanned hide does not. Thus a hide 
that is soluble in boiling water and putrefies in cold water is con- 
verted by tanning into a hide which is neither dissolved in hot water 
nor putrescible in cold. Just how these great differences are brought 
about can be illustrated by the effect of tanning materials on gelatin 
or glue. If a tanning extract be added to a solution of gelatin, the 
latter is coagulated and precipitated and is made permanently in- 
soluble. Pure untreated gelatin readily swells in cold and dissolves 
in warm water and easily decomposes if left wet. But this tanned 
precipitate is resistant to the action of water and does not decom- 
pose. How is this important change brought about? The answer 
is given by a pair of balances. If we weigh a dry piece of gelatin, 
dissolve it, precipitate or curdle it with tan liquor, collect the pre- 
cipitate or curd, wash, dry, and weigh it, we find that it has increased 
in weight. It can also be shown that the tan liquor has lost as much 
weight as the gelatin has gained—something from the tan liquor 
combined permanently with the gelatin to make the latter insoluble 
and resistant to change. This something is called tannin. It would 
be more correct to say these somethings, for there are several tannins, 
all closely akin, all affecting gelatin in the same way. It is they 
that, acting on hides, convert the soluble, putrescible gelatins in 
hides into insoluble substance, causing the hides to become leather. 

The earlier method of analyzing tanning materials was to treat 
the solution with gelatin. This was done by taking first a definite 
volume of the solution and evaporating it to dryness and weighing 
the dry residue; then a like volume was taken from a sample that 
had been treated with gelatin, evaporated to dryness, and weighed. 
The sample that had been treated with gelatin had lost weight. The 
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loss represents, of course, the substance taken up by the gelatin or 
tannin. 

Since to the leather tanner the chief item of interest is the amount 
of substance actually taken up by hides, gelatin, as a measure of the 
tanning power of materials, has been supplanted by hide powder, 
which is clean oxhide dried and ground in a suitable mill. The 
liquor is drawn through this, and the difference in the weight of 
dried residue is noted and recorded as tannin. Account is also 
taken of the difference between weights of the liquor and dried resi- 
due, this difference representing water. There is also given the per- 
centage of matter that does not dissolve in cold water, but which was 
filtered off of the liquor. Thus an analysis of a tanning material 
intended to represent its value for leather tanning gives four figures, 
of which the following is a typical example (Cunningham, 1902) 
of Burmah cutch or catechu: 


Per cent, 

PERC TIS eat aoe aed ON a SAP LT rede 82 Eee eh ee Sek ee ee 46. 6 
ve LET RT Wasa ets Pieles's ilps! 8 afl pe ech 2 <a ad Di gt pe se SS be ole Ae le Rene Ae een SY pays 12S 20. 0 
LOE PET cy SAR Ow gO BD TR AT 2 3 9 BO DI ce ae BN OE ee Se Re NE ANS, 2y 
ions resaie twee re tpes) PSE he Ak fe EE Fo) Map ewe eee oy nat 2 EET ee TS ED ee 21.9 
Buia tte etek Sen Se Se Bare day ea Ad = bg Oe ee ee ORO 


There are some very significant differences between the treat- 
ment given to hides in making leather and that given to nets to 
preserve them and in the behavior of the treated materials. Hides, 
once they have taken up tannins, never let go, even though they 
are boiled or soaked in water; nets, however, lose their tanning 
materials rapidly in water, so that they must be tanned repeatedly 
if the method used for treating them is the same as that used for 
treating leather. It is thus obvious that the tannin does not com- 
bine in nets with any gelatin or other similar substance, but rather 
is merely deposited in the fibers. There is another important dif- 
ference: Hides are tanned in a cold decoction of tan bark or ex- 
tract, while nets are usually treated in hot liquors. 

When catechu, for example, is dissolved in cold water, there 
always remains a residue, which appears in the analysis given 
above, as “insoluble.” If the solution is heated to boiling, nearly 
all of this apparently insoluble material dissolves, only some pieces 
of leaves, sticks, and sand remaining. If the liquor is cooled off, 
the insoluble material again separates from solution. There is 
thus a comparatively large amount of substance insoluble in 
cold water but soluble in hot water. Upon examination, this sub- 
stance, catechin, is found to be an active tanning material, and for 
the purpose of net preserving is better than that which is soluble 
in cold water, because it will not dissolve out in use. Cunning- 
ham tried to fix the tannin in nets by first impregnating them with 
glue (which is crude gelatin) and then treating them with catechu. 
The effort resulted in failure, apparently because the glue did not 
penetrate the fibers. 

The coloring matters in barks and extracts are independent of 
the tannins and have no tanning power. Pure tannin (gallotannic 
acid from nut galls) is a light grayish yellow flaky powder, easily 
soluble in water. 
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Since the value of tanning material for net preservation depends 
upon the abundance of tannins, analyses should support important 
purchases. The following are analyses made of different samples 
of catechu, or cutch, by Cunningham, using the hide-powder method : 


Burmah,| Tuan Mudah. foul 

Tanning. she fe ee sere SES ATE PEL Qe per cent. . 46.6 46.0 45.2 50.8 
INGOT OES ga 2 Kee ie a ie CPS See eile kee 5 = Siac Se Sg Se does. 20.0 9.8 15.6 14.9 
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cPotal sis fry ss.¢3 329. See CE pp ee ie eee do 100.0 100.0 100.0 100.0 
Strength after exposure ..............-.------- pounds; ounces. . 556 $0 2,4 2;9 
Strength after exposure.22 028 5.22.8. 222.2 4.5 8c kilograms. . 2. 437 3.629 - 964 1.161 


It is seen from the above table that there is a considerable differ- 
ence between the values of the various samples of catechu, a fact 
equally true of other tanning extracts. The last two figures under 
each sample (which the writer has given also in kilograms for con- 
venience in comparing with the Norwegian figures that are to follow 
later) represent breaking strength. Cunningham explains as follows 
how these figures were obtained: 


In order to test the actual preserving power of different samples of cutch, 
I adopted, in my investigations in Cornwall, the following method: I procured 
a machine for testing the strength of a net before and after the experiments. 
The principal part of such a machine, which is called a dynamometer, is of 
the nature of a spring balance. One mesh of the net is attached to the balance, 
the other at a certain distance to a hook or knob which can be pulled away 
gradually by turning a handle. As the strain increases the hand on the dial 
of the balance indicates in pounds and ounces the weight which is equal to the 
strain until one of the meshes breaks, when the hand shows the number of 
pounds equal to the breaking strain. 

In comparing the value of the different materials or processes of curing, I 
took pieces cut from the same net, and, therefore, when new, of the same 
strength, cured them, then fastened them by mooring at the bottom of Newlyn 
Harbor. After they had been under water a certain time the pieces were taken 
up and tested on the dynamometer and found to be of very different strengths, 
which showed the differences in the preserving properties of the various mate- 
rials or processes. 

One of the earliest experiments carried out on this method proves the pre- 
serving power of that part of cutch which is insolub’e in cold water. So far 
as I know, there is no natural cutch or tanning extract which is completely 
soluble in cold water for the very good reason that the cutch or extract is 
generally made by boiling. But some of the red cutches put upon the market 
by the Borneo companies are almost entirely soluble in the cold, either because 
they have been chemical'y treated or because the insoluble part has been re- 
moved from them. 

In this experiment I tested four kinds of cutch [as above]. The last three 
were red or mangrove cutches from Borneo. In every case the strength of the 
solution used was 1 pound to 1 gallon of water, the net was dipped twice, being 
left half an hour in the liquor each time and dried between the two dips. The 
pieces of cured net were left under water, uncovered only at low water in spring 
tides, for five weeks, and then tested. 


Further reference to the table above will show that the Caller-Her- 


rin catechu which contained the highest percentage of tannin was 
one of the poorest in preserving power where the nets were actually 
exposed for a long time to water and tested for strength. The 
Tuan catechu was best, though it contained the greatest percentage 
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of insoluble matter, which would ordinarily be considered objec- 
tionable. This fact shows that the insoluble matter may add greatly 
to the value of the catechu. The reason for this superiority has 
already been mentioned. The analysis is made by dissolving sam- 
ples of material in cold water. That which does not dissolve in 
cold water is recorded as insoluble and is useless to the leather tanner. 
But a great part of this insoluble matter is readily soluble in hot 
water, and, inasmuch as the nets are treated in the hot solution, this 
matter is deposited in the fibers and stays in the nets while the cold- 
water-soluble tannins wash out when the nets are put to use. 

It will thus appear that analysis of tanning extracts made for the 
leather tanner’s purpose is not all that could be wished from the 
fisherman’s point of view. Cunningham recommends that for the 
use of net preservers there be included in the usual analysis a figure 
representing the amount of tannins insoluble in cold but soluble in 
hot water. 

It might prove to be profitable for chemical manufacturers to go 
a step further than this by separating commercial catechu into two 
parts, the cold-water-soluble part suitable for the leather industry, 
and the hot-water-soluble part, not suitable for leather tanning, but 
preferable for the preservation of fishing gear. 

With the provision that the hot-water-soluble tannins be considered 
in making calculations, Henrik Bull’s (1912) point may be regarded 
as important; that is, that when tanning extracts are bought by the 
pound without reference to their content of active tannins, very un- 
profitable purchases may be made. Thus, if a sample of catechu sells 
for $0.10 per pound, and contains 40 per cent tannins, the actual price 
we pay for tannin is 10/40, or $0.25 per pound. Further, as will be 
seen from the following table, the cheaper grades of catechu may 
(but do not necessarily) furnish tannin at a price considerably higher 
than would be paid for actual tannin in more expensive grades of 
extract.? 


rica nor | Percentage} Price tan- 
Sample. | Price per | ‘tannin nin per 
pound 

are present. pound. 
eR SOR st Snare scien Seas ee ube ons eee a Sears $0. 09 35 £0. 26 
EAE ELIE Cte. ase Ee TE RET eS So sek Se - 10 45 S22 
RE rl re oa ra Yea oe nia pare am we wins spel on sO eS > WL) 5 - 20 
Chose ae cet A aa i io ee Rea ei le 12 | 65 . 185 


To calculate the actual cost of tannin where an analysis is avail- 
able, use the formula: 


Cost of tannin per pound= cost-of extract per pound 


percentage of tannin in extract 


that is, divide the cost of extract per pound by the percentage of 
tannin in the extract, and the quotient represents the cost per pound 
of the tannin. 


* The original table is in Norwegian ¢re per kilogram of extract. Since, however, the 
table is only intended to represent a comparison, the writer has assumed suitable figures 
for American readers. 
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TANNING MATERIALS USED FOR FISH NETS. 


Up to this point attention has been given to catechu. There are 
numerous other tanning materials put upon the market as bark or 
wood or as extract. The extract may be liquid, solid, in lumps, or in 
a fine powder prepared by a recently developed process. The prin- 
cipal tanning materials, as given by Cunningham, are: 


Oak bark, the bark of the common English oak, is largely used for tanning 
leather. The barks of another species in Turkey, and of the chestnut oak 
(Quercus castanea) of America are also used. The bark is stripped from the 
trees when they are about 15 years old. 

Hemlock bark is really the bark of a kind of pine abundant in America, 
ealled Canadian pine (Abies canadensis). It is the principal tanning mate- 
rial of the United States. The extract of this material in liquid form has 
been recommended for net curing under the name of Canada cutch, and is sold 
in tins containing about 3 pounds weight. 

Mimosa, or wattle bark, is obtained from various Mimosz or acacia trees 
growing in Australia, where this is the staple tanning material. 

Quebracho is obtained from several kinds of South American trees. It is 
imported largely in the form of both dry and liquid extracts. 

Valonia consists, not of the bark, but of the cups of the acorns of a certain 
oak (Quercus egylops) growing in the Levant. 

Sumach consists of the leaves of a plant dried and ground. The plant grows 
in the south of Europe. 

Gambier, or terra japonica, is a dry extract prepared from the leaves and 
twigs of a tree called Uncaria gambier in the Malay Peninsula. It is imported 
from Singapore. There are two forms, block gambier, in large masses, and 
cube gambier, in small, light-yellow cubes. It is not much used for net curing, 
but I believe has been used in former times at some places, such as Clovelly, 
under the name of catechu. 

True cutch, or catechu, is a dry extract made from the wood of a tree called 
Acacia catechu, which grows in India and Burmah. It may be distinguished 
as Burmah cutch, as its manufacture is carried on chiefly by natives, according 
to their own traditional methods, in Burmah. It is imported from Rangoon. 
Until recently it was used everywhere around the British coasts for net curing, 
and was used in far larger quantities than any other tanning material. 

Red cutch or mangrove cutch is made from the bark of.mangrove trees, 
which grow in Swamps at the mouths of rivers in tropical countries. This 
cutch is now manufactured extensively by two British companies in Borneo, 
and is largely used for net curing, having replaced Burmah cutch to a consid- 
erable extent. 

Myrobalans, divi-divi, and algarobilla are raw materials consisting of the 
dried fruits or seed pods of different trees. They are imported for use in the 
leather industry, but are not used for net curing. Canaigre is also a raw 
material, consisting of the root of a plant growing in New Mexico and Arizona, 
not used for the fishing industry. 


To this list should be added quercitron, a large timber oak (Quer- 
cus velutina) of the eastern United States, having foliage resembling 
that of the red oak, but with yellow inner bark. It is on the market 
as rough bark, rossed bark, ground bark, and solid and liquid 
extracts. As will be seen later, Bull found this to be one of the best 
materials for curing nets. 

It is thus seen that there are a great many tanning materials, that 
in common they have tannin, and that this tannin in some way pre- 
vents rotting of nets, probably by destroying the digestives with 
which the bacteria seek to rot the net, or by making the thread 
indigestible. At any rate, actual measurements of strength show 
that tannins do preserve nets, and that the principal objections to 
them as ideal preservatives are that if used unaided they wash out. of 
the nets, and that if the preservation is to last the application must be 
often repeated. 
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FIXING OR MORDANTING OF TANNED NETS, 


The next step, therefore, is to cause the preserving tannin to stay 

in the net, and to do this it is necessary to know something of the 
chemistry of the tannins. It has already been shown that tannins 
‘combine with gelatin to form a permanently insoluble substance, 
this combination being the essential principle in converting hides 
into leather. Gelatin exists naturally in hides, but there is nothing 
naturally occurring in cotton corresponding to gelatin with which 
the tannin can form an insoluble compound. 

Tannin is readily oxidized; that is to say, it readily takes up and 
eombines with the oxygen of the air, and when so combined is 1n- 
soluble and much darker in color. Why, then, does not the tannin 
oxidize and stay in nets? In fact it does, to a certain extent, as any 
fisherman who has used “ barked” nets knows the nets never regain 
their original whiteness. But the oxidation takes time, and in prac- 
tice the net is put into the water before much of the tannin is 
oxidized, whereupon the unoxidized tannin promptly washes out. 
To store the net for a time after barking would do little good, for 
in a dry condition the oxidation proceeds very slowly or not at all. 
Repeated wetting and drying was credited by Bull in his comments 
on the paper by Aase referred to above, with the eventual thorough 
impregnation of nets by the old-time, cold-barking method. It is 
probable that by holding the nets wet for a long time after barking 
and allowing free access of air the tan might be fixed permanently 
in the fibers. 

There is, however, no need to do this, for once the chemistry of 
the process is understood the same end may be achieved by quicker 
chemical means. There are a number of chemicals which contain 
oxygen in large quantities, and which yield up this oxygen easily. 
One such chemical is potassium bichromate. If a solution of potas- 
sium bichromate be added to a solution of catechu, a dark-colored, 
insoluble compound is formed—the combination of tannin with 
oxygen, the oxygen coming from the potassium bichromate. Ad- 
vantage is taken of this principle in dyeing; catechu or some other 
natural wood dye is applied to the fibers and then darkened and 
fixed by a solution of potassium bichromate. This process is used 
primarily in the leather and textile industries for the coloring it 
gives, but no modification is needed to use the method for preserving 
nets. 

The bichromate acts not only on the tannins that are soluble in 
cold water, but upon the catechin that is soluble in hot water. 

The oxidation of tannins is greatly accelerated by alkalis—lye, 
soda, potash, ete.—but these all have a very objectionable character- 
istic in that they cause to dissolve in cold water the tanning sub- 
stance which in its natural state is soluble only in hot water. These 
alkalis are therefore not used. 


CUNNINGHAM *S EXPERIMENTS. 


The very thorough work done by Bull in Norway and Cunning- 
ham in England has made it possible to preserve nets at much less 
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labor and expense by use of potassium bichromate. To quote Cun- 
ningham : 
Accordingly I made at Newlyn a large number of experiments * * * to 


test whether by the use of bichromate the net could be preserved more suc- 
cessfully or more cheaply, and the results were very favorable. One of the 


most striking of these experiments was made entirely with Burmah cutch, of . 


the Double Eagle brand. The pieces of net used were cut from the net made at 
Bridport, 25 rows to the yard, 12-ply cotton. The strength of the net when 
tested new and uncured, or ‘“‘ white,” was 153 pounds * * *, Four pieces of 
net, cured with and without bichromate, as shown below, were put down in 
Newlyn Harbor on January 31, 1900, and taken up and tested on March 3, so 
that they were in the water between four and five weeks. The strengths given 
are the averages of five trials on the testing machine: 


Pounds. Ounces. 


1. Dipped once in Burmah cutch, 1 pound to 1 gallon of water_ + 2 
2. Dipped twice in Burmah cutch of same strength, dried after 

TOUS) eet Ut OSes, eee ee eR ems penny ee ME, Paes rT ol Benes ey ene 6 5 
38. Dipped once in Burmah cutch, same strength, with 1 ounce 

bichromate potash added to 1 Salon Cutchs liquor a 5 3 


4. Dipped once in Burmah cutch, same strength, then dipped 
separately in hot solution of bichromate, one-half pound 
tord sa llonmyswa ter. 25 tse 86 on ee a hy ee 14 5 


It will be seen that of these four pieces of net, which were placed in the 
harbor at the same time, fastened to the same piece of rope, three were prac- 


tically rotten, while the fourth was nearly as strong as when new, and this ~ 


fourth piece was the one that had been cured with bichromate of potash. 


Dipping twice in cutch alone (No. 2) seems to improve the net 
very tittle. Experiment No. 3 shows that the bichromate does no 
good if added to the cutch solution, but must be applied separately 
to be effective. The reason for this, as will be seen above, is that 
the bichromate makes the tannins insoluble, so that they do not get 
into the fibers at all. 

The bichromate solution used above was strong. 

The following series of tests shows the results with weaker bichro- 
mate solution, and different combinations, nets submerged January 
31, taken up March 30, put down again May 14, finally taken up and 
tested May 28: 


Pounds. Ounces. 


1. Burmah cutch, 1 pound to gallon, net put in hot liquid and 

LEftato, Soakv24 Mhour sas. Gee te ees ee Be ae - 14 
2. Mangrove cutch A, a somewhat insoluble kind; same treat- 

Ment Os ae eT OE SE Ae ES Ee 5 12 
3. Mangrove cutch B, another brand; same treatment__-____ ti 6 
4. Burmah cutch, same treatment; net then dipped in hot 

bichromate, 1 ounce to 1 gallon -water_=__- + = = 13 5 
5. Mangrove cutch A, same treatment, following by hot — 

bichromate;ysame'strens thin 2) es is ee ee 14 9 
6: Mangrove cutch B, same treatment, followed by hot 

bichromaters.same-strength._ = 54-257 - ee ee 13 5 
7. Mangrove cutch B, 1 pound, with 1 ounce bichromate, 


boiled together in 1 gallon water, net left to soak 


DA NOUNS Sw eS Eee RO RED ec )2 SALE Nets sche ae eee ee ted SS Ee 1 13 
8. Burmah cutch, 1 pound, with 1 ounce washing soda, boiled 

together in 1 gallon water, net left to soak 24 hours____- 6 12 
9. Mangrove cutch A and soda; same treatment _____________ 4 2 
10. Burmah cutch, 1 pound to 1 gallon sea water instead of 

fresh: oir <u se eee ae a: ae eee 5 18 
11. Mangrove cutch A, in sea water; same strength__________ 6 5 


Here, again, it is shown that no treatment appears to do much 
good without the after treatment with bichromate. The use of 


——— 


i i i i, 


— . ——""- 
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bichromate with the cutch destroys any preserving power the cutch 
alone may have. The small differences between the different varieties 
of cutch and the different modes of handling, exclusive of the 
bichromate after treatment, are not significant. 

The following is another series of experiments made by Cunning- 
ham in which quebracho and cube gambier were tried: 

The pieces in this case were left in the harbor from May 28 to July 15, a 
period of seven weeks. The pieces of net were cut from another new net, which 
seems to have been of better quality than that previously used, as the pieces 
eured with cutch alone were not so weak after exposure as in previous experi- 


ments: 
Pounds. Ounces. 


1. Mangrove B, alone, 1 pound to 1 gallon water, dipped once, 


Srp IsOGTO EtG S bse et ches oiled 25) hays be greener ag ee hes 12 5 
2. Quebracho alone, same strength, same treatment____-_____~_~_ 9 5 
3. Cube gambier alone, same strength, same treatment ________~-_ 5 
4. Mangrove B, as before, then dipped in hot bichromate, 1 ounce 

On SAMO T WATE stayed Oe tees Sedereh Ts begs yas 2 ee es aS 13 8 
5. Quebracho as before, followed by bichromate, 1 ounce to 1 8 

EOL LTLETET Deh te a oR i spec Ss a a SP ae eR Pa 2 Snare tee 12 14 
6. Gambier as before, followed by bicromate, 1 ounce to 1 gallon__ 11 b 
7. Mangrove B, i pound, soda 1 ounce to 1 gallon water, net dipped 

in mixture then dipped in bichromate, 1 ounce to 1 gallon 

COD SY cepa | ole IRR OS Pt Me te ae ee {{ 8 
8. Gambier with soda, then bichromate in above proportions___~_~ if 12 
9. Mangrove B, one-half pound to one-half gallon water, mixed 

with one-half pint bichromate solution, 1 ounce to 1 gallon___ ti 8 
10. Quebracho mixed with bichromate, same proportions____--~~~ 10 10 
11. Quebracho, one-half pound, bichromate one-half ounce to 1 

SaemwWaten;: toreiher tds) 1. er ks ata ee iete ee SOE ee et a 10 


Again, it is shown that bichromate, if used as a separate after- 
treatment, greatly increases the preserving effect of the tanning mate- 
rials; it also further confirms the conclusion that bichromate mixed 
with the tanning material does harm rather than good. Soda added 
to the tanning extract previous to use is rather harmful than other- 
wise, as shown by trials Nos. 7 and 8. 


LINDEMAN’S EXPERIMENTS. 


Thy. Lindeman (1897), in the prize-winning paper submitted in 
competition before the Trondhjem Fishery Society in 1896 for the 
best paper on preservation of nets, seems to have been first to use the 
dynamometer, or breaking-test, method of studying the preservation 
of nets. On two kinds of thread, hemp and cotton, he tried 12 pre- 
serving materials in comparison with untreated thread, as follows: 


I. Thread, without treatment. 

II. Bluestone.—14 kilos (3.3 pounds) bluestone, 1 barrel water. Net lies in 
this 1 day, washed out without drying, and then put directly into the 
sea. 

III. Catechu with mordant.—To 74 kilos (16.2 pounds) net, take 1 to 1} kilos 
(2.2 to 2.75 pounds) catechu, which is boiled until dissolved; add 60 
grams (2 ounces) bluestone. The net is put in this bath while it is 
warm (60° GC. or 140° F.) and allowed to stand over night. The next 
day it is well drained and brought into a bath (80° C. or 176° F.) in 
which is dissolved 180 grams (6.4 ounces) potassium bichromate. 

IV. Catechu with linseed oil—The net is prepared according to III, dried by 
artificial drying, and brought into warmed raw linseed oil, in which it 
lies until next day; it is then taken out, freed as much as possible 
from the oil, and dried in air. 
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V. Birch bark, cold.—20 kilos (44 pounds) birch bark is added to 1 barrel 
water; to this is added 1 to 2 kilos (2.2 to 4.4 pounds) of soda. This 
stands cold about 8 days to extract. The net lies in this 1 to 2 days. 

VI. Linseed oil, raw.—The net is first artificially warmed; it is then laid in 
raw linseed oil for 1 day. It is then taken out, freed of oil, and dried 
as in IV. 

VII. Spruce cones.—To one-half barrel of water a quarter of cones is taken. 
This is boiled vigorously about 3 hours. After it is cooled off the net 
lies in it about 2 days. 

VIII. Wood tar, Norwegian.—The net is artificially dried as in VI, laid under 
warm wood tar for a sufficient time to assure that it is thoroughly 
penetrated, after which it is taken out and freed of excess. 

IX. Quebracho wood.—10 kilos (22 pounds) to about 150 liters (40 gallons) 
water, boiled for 1 hour, after which the net is laid in it while it is 
still warm and allowed to lie in it a couple of days. 

X. Zine chloride —1 kilo (2.2 pounds) zine chloride to 100 liters (30 gallons) 
water; net is allowed to lie in this 1 day. 


Before treatment a series of trials was made on different places in the skein 
of thread used. The results of these stretching tests were as follows: 


A. Hemp. B. Cotton. 
Average breaking load........-.-.--.-.--.--- 14.9 kilos (av. of 13 tests). 8.5 kilos (av. of 10 tests). 
WIS G PerMeLere i 3s ae eet seas ae ee ee 0.623 gram. 0.494 gram. 
breaking Tenet ss 222-2 sen sees oe 23.9 kilometers. 17.1 kilometers. 


It will be observed that in addition to the breaking load, Linde- 
man also gives the weight per meter of the thread and “breaking 
length.” This latter figure denotes the length of thread that will 
hold itself up, or the length of thread in a ball whose weight is the 
breaking load. The strength of thread as ordinarily understood 
means strength for a given size or weight, for of course a thread can 
be made of any strength if it is only large enough. The smaller and 
lighter a thread of given strength, the better. This figure, breaking 
length, probably furnishes a better basis, if proper precautions are 
taken, than breaking load, of the quality of a net. Since the weight 
of a meter of thread is given and the breaking load is given, the 
breaking load divided by the weight of a meter will give the break- 
ing length in meters (1 kilometer=1,000 meters, or 0.6 mile). 

This breaking-length figure is particularly valuable in judging 
such preservatives as tar and linseed oil, preservatives that add con- 
siderable weight to the net. This figure may go to show that where 
a net must support its own weight, one that appears to be well pre-~ 
served may be, in fact, poorly preserved because of the greatly in- 
creased weight. 

After testing the original thread, Lindeman treated different 
samples by the methods described above, and put them, along with 
untreated samples, in the sea, and after varying lengths of time meas- 
ured strength and weight. 

The nets were put in the sea October 6 (1895). 

First test, 8 days afterward. 

Second test, February 1 (1896), after about 14 weeks. 

Third test, May 3, about 13 weeks after second test. After the third test the 
samples were destroyed by a passing boat. A new series was prepared and 
hung out in the sea July 7. 

Fourth test, October 1 (1897), after 124 weeks. 

Fifth test, January 1 (1897), after 13 weeks. 
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The test pieces taken up October 1 were covered with mussel spat, 
and were greatly reduced in strength. By the time the fifth test was 
made the nets had so far disintegrated that they could not be tested 


on the dynamometer; the investigator therefore made notes with the 


thing like poor, poorer, poorest. 


letters, a, b, and ¢ to indicate how far gone they were, meaning some- 


It is apparent that the pieces of net used for the fourth and fifth 
| tests underwent decomposition much more rapidly than the earlier 
ones. While Lindeman offers no explanation of this difference, it 
may be readily explained by the warm weather, since it is common 
experience that nets rot more rapidly in warm weather than in cold. 

he results of these tests are summarized in the accompanying 

table. Each figure represents an average of from 5 to 18 trials, so 


some extent. 


le Il. III. 
Strength and weight of thread. Without | Blue- | Catechu 
prepara- | stone. with 
tion. mordant. 
A. HEMP. 
Test 1: 
iigeria Wvet Gc IS ee eee Seas kilogram...) 13.3 | 12.6 tod 
Wralenipeanimeter=— 258. so 205- bk 225+ 22 2 gram..| .600 | .675 - 696 
breamimeien eth. Aes .c - 45.5665. 225 kilometer. - 22.2 18.7 19.7 
Test 2: 
Breekine JOR . fo n0 cc cee oe oOo ccne = kilogram..| 8.6 ade 12.2 
Woelent pemmeter -..25-5-22-~'.. te 2 as -2< gram..| .554 593 . 723 
proeakingsleneth-Jge--+- 2. bees -2t kilometer. . 15.7 18.9 16.8 
Test 3: 
Breaking load. ....-------- Be eeas ais Sas kilogram 6.4 11.8 12.1 
VELEN POM MOLEL .< - <2 2-5 noun eden ae gram..| ..509 . 646 . 687 
BreakineJength... Jo: ..).5b 22 eee oe kilometer 12.5 18.3 17.6 
Test 4: : 
PMAIPIOAG - soo tees eet ace wees than kilogram... -.- 9.0 tere 
Weight per meter -..-:.--...-..2------ .--gram.. - 804 - 688 
DT Aoh a fils 7 ie ee kilometer. - 11.2 1152 
Test 5: J 
Brenkine wae 42 5. Abe AS. ete kilogram..| .-. : 9.1 
Weight per meter -. -....2..-....---.-4. .+.gTam.. (b) . 765 
ISTOARINE ONG. . on a5. ecacaee sees kilometer. - Sa = 11.9 
B. COTTON. 
Test 1: . 
rap kinedoad fj. bce st . fi tings kilogram..| 7.8 8.2 7.9 
WiEISHL Or MCLEOD <.. - einen on eee gress -= gram..| .558 507 - 566 
Breakinglength: ..........-..-.-.+--- kilometer. - 13.9 16.1 13.9 
Test 2: : : 
PRP ORGS ce soe Se coe oe lee xe kilogram..| 3.7 77 8.5 
Weight per meter... ..-.......------.---- gram..| .497 - 493 - 610 
Bredkinte SOUIPUS cenras oes fac ee on a5 2 kilometer. .| 7.6 15.6 13.9 
Test 3: f 
RETOMEAN PORN. <n stu an co cc cee oe naa sos kilogram..| 2.3 7.0 9.3 
DVRS Mi POR IMOLODS 2. . cece een aan ~ so epn see gram..| .530 564 - 610 
Breaking length. << =)... -t.~.)--3-. kilometer. .| 4.4 12.8 15.2 
Test 4: ; 3 4 
Breaking loads! . 2b 334i f -teee + lilogram..| ... 23% 6.7 
STE OT TOON i eo asso nie Se so gram... - 489 - 580 
Breaking length..............-.----.- kilometer. . Bog 11.5 
Test 5: 
Breaking load. .-...-...-..--- kilogram / 5.8 
oy be meter £51 Petal (¢) -570 
Bredikine lone pit. > seo saan ans kilometer. .| = 10.2 


that differences in particular ‘places on the thread are ironed out to 


see 


Norte.—a, b, and c, meaning something like poor, poorer, poorest,indicate that nets had disintegrated too 


far to be tested on the dynamometer. 
51700°—21 21 
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Strength and weight of thread. 


A. HEMP. 
Test 1: 
Breaking load’ "2. y-s-cecessacmencce a= kilogram. . 
Weight per meter... 5.2% 4-3. gram... 
iBroakine lone: 2. soeecs te eee kilometer. . 
Test 2: 
IBLEMRATS LOAG cies pe acer fee sate kilogram. - 
Weightiper meterit:!. 2) 2 Ss gram.. 
Breaking lenethe 3-55 jase Mn kilometer. . 
Test 3: 
Breakingloads ss...) % - asec - se erage 20- kilogram... 
Weight Perimeter: cos -eccewag ces seer =< gram... 
Breakingilensth? -<ki3.6 cee at kilometer. - 
Test 4: 
Bregane load V4. SESS sos ww see oe kilogram. . 
Weight, per meters<-. -ticiegelt- acct. gram... 
IBLeakAN GO ACM OTM. seem socreye cis = area a= kilometer. . 
Test 5: 
BredkimelOad sees cr et ae clan acelacs Kilogram. . 
Weight permeteri-2t2 222 8005 lasso. gram. . 
Breskirmlonetheca= os sess ssoe sae kilometer. . 
B. COTTON. 
Test 1: 
JB sp N alee ead (oY: (6 (appease ts AE nip See kilogram. . 
Weight per meter ..........-2------ vidoe gram... 
63 (ets cha Yel (3) «24 00 ee ee ee a kilometer. - 
Test 2: 
ipreakanoload:. 220522201. =- mien ices kilogram. . 
Viele bE Deniume teri Gees cch ccmenyeneseterre gram... 
Breaking length. sce 5.) seein aia ea kilometer. - 
Test 3: 
Breaking load. ....-./:..--.- Os Fe 2 kilogram. . 
Weight per meter. :74(...20. feneetees gram... 
IBredkinp lene thes 5 setae ese cene kilometer. - 
Test 4: 
Breakin elon. S55 208 hs cee ae kilogram. . 
iWeightiper meter. e025. see ee gram.. 
Breakin tlenot hes .. Sekar cee nok kilometer. - 
Test 5: 
Breakinoword 2 #4. oe ee eee kilogram. . 
WielZh i Perdnelere hice thot nicotene gram. - 
Breskane lenotiis. ie esteste ds tock kilometer. . 
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VI. Vil. 
Linseed | Spruce 
oil. cones. 

12.6 13.4 
- 821 . 852 
Foc ini 
1b ee} 12.4 
. 704 . 678 
16.3 18.3 
12.9 12.6 
. 642 aya? 
20.1 17.8 
7.8 aes) 
. 840 . 700 
9.3 5.0 
Me): 42) aie) 
7.0 8.5 
ACEH - 585 
9.6 14.5 
8.4 8.6 
. 734 FOCk 
11.4 ils mal 
8.5 8D 
- 710 . 600 
12.0 14.1 
6.0 ost 
. 660 -510 
9.1 Teige 
(°) “Q) 


yrds 
Que- 
bracho. 


».< 
Zine 
chloride. 


14.0 


Of the methods that depend on tannins for their activity, Nos, II], 


IV, V, VII, and IX, only 


two may be considered at all successful ; 


they are Nos. II and IV. These two received identical treatment— 
1. e., catechu with copper sulphate and potassium bichromate—but 


No. IV received a subsequent treatment with linseed oil. 


If 


judged 


by the breaking strength alone, the linseed oil adds a very little; but 
if judged by breaking length, it is not so good as the previous one. 

Of methods of tanning nets this is additional evidence that the use 
of a fixer or mordant, potassium bichromate, greatly increases the 
preserving quality of tanning materials. 

The use of zine chloride suggested itself to Lindeman because it 
converts cellulose into so-called hydrocellulose and is used as a pre- 


servative for railroad crossties. 


It is a failure for preserving nets. 
The nontannin preserving materials will be considered later. 


Another point about the table worthy of notice is that tannins 
have an effect on hemp nets similar to that on cotton, but not so great. 
It should also be noted that Lindeman’s paper appeared five years 
earlier than Cunningham’s paper, or that of Bull, next to be con- 


sidered. 
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BULL’S EXPERIMENTS, 


4 
Bull (1901), in Norway, carried on a similar series of experiments, 
using a greater number of combinations, including oak bark, quer- 
citron extract, and coal tar. He also carried out more elaborate 
processes of preparation, including such manipulations as three or 
four baths and combinations of second treatments. The table follow- 
ing gives Bull’s results and carries brief descriptions of the methods 


i=) 
used. In the text Bull says he barked the nets in “the customary 


way.” 

Eremnii used the bluestone (or copper sulphate, copper vitriol, 
blue vitriol, as it is variously called) in the same bath with the 
tanning material. On this point Bull (1901) says: 


When I began this investigation, since I used quercitron extract in as pure a 
condition as was obtainable, in lieu of catechu, I observed that in solution in 
water it has, with copper-vitriol solution, a reaction that produces a precipitate 
which dissolves with difficulty in water, for which reason the coloring method 
must be regarded as disadvantageous, because the precipitate is formed rather 
on the thread and is not in the solution. In addition, I found that the second 
bath may be also harmful in the use of very warm (80° ©. or 176° F.) solution 
of potassium bichromate, since this strong agent, with the high temperature 
used, May very well cause a weakening of the thread. 


Bull also says: 

As a barking material quercitron extract has shown itself to be the best. 
* * * A noteworthy result is shown in experiment 17, in which the net is 
barked twice with quercitron extract and afterwards treated with the oxidation 
mixture. It is shown that the net, after 11 weeks, is of the same strength as 
before it was immersed in the sea, namely, 23 kilograms. 

Quercitron, as well as other tanning extracts and barks, can be 
secured from American dealers in tanners’ supphes. 

The copper may have some preserving action; Cunningham thinks 
itis injurious. It appears to the writer that, while it may strengthen 
the defense against certain organisms, its chief use on nets is to 
impart a dark, durable color. 
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Lime may also be used as a mordant or fixer for the tanning ma- 
terial. The lime is applied in the form of a solution as follows: Add 
slacked lime to water in a large container, and let stand with occa- 
sional stirring for several days. The clear liquor that remains after 
the excess lime has settled is to be applied to the nets in heu of the 
potassium-bichromate-and-bluestone solution in the method to be 
given below, after they have been barked. No measurements of the 
strength of nets so preserved have been found. 

A rather elaborate process of tanning employing lime fixation is 
described in an article in Norsk Fiskeritidende (1886). A transla- 
tion of this article by Herman Jacobson was published in the Bulle- 
tin of the United States Fish Commission (Vol. VI, No. 7, June 12, 
1886, pp. 97-104). The method consists of three applications of 
eatechu, one of lime water, and a final treatment of a mixture of 
Stockholm (pine) tar and coal tar. That method appears to be too 
elaborate for use in the fisheries of to-day. A point of value in this 
paper, however, is that where more than one bath of the tanning ex- 
tract is used the first one should be much weaker than the others. 


IMPROVED RECIPE FOR TANNING NETS. 


This section of the paper, treating preservation by tanning ma- 
terials, is to be concluded with a recipe regarded as the best, and a 
summary. The recipe, given by Buil (1902), is: 


To 220 pounds of net (cotton or hemp, the method is best suited to cotton) 
take 33 pounds of solid extract of quercitron, or 148 pounds of oak bark. (Cate- 
chu does not give such good results, but if used, take 53 pounds. ) 

The extract is boiled@ until dissolved in 130 gallons of water. Stir con- 
tinuously in the vessel to prevent the extract from burning to the bottom; the 
warm solution is poured over the net, which is laid in the vessel. With a flat 
board, if necessary, push the net down under the liquor. Cover the vessel well 
with a tarpaulin or sail canvas so that it can cool off only very slowly. After 
the vessel is completely cooled off the net is taken out and as much of the water 
as possible is wrung out before beginning the after treatment. If this is done 
at once, without preliminary drying, some of the tannin will dissolve out and 
the net will lose. 

The after treatment is carried out as follows: To 220 pounds of net take 
2% pounds bluestone and 34 pounds potassium bichromate, and dissolve them 
in 150 gallons of cold water.2 After the substances are entirely dissoived and 
the whole stirred well, the net is put into the bath. It is best to move the net 
about in the liquid from time to time so that it works evenly on the entire net. 
In this bath the color of the net is much darkened; if quercitron is used a 
uniform brown color is produced, like that of a barked net that has been used 
a long time. After two hours the net is taken out. 

It is the safest plan now to wash the net in water—for example, by putting 
it in a tub—but perhaps this is not necessary, so it can be spread out at once to 
dry, or be taken aboard. The water from the after treatment is quite worth- 
less, for the salts added have been completely used up. 


By way of comment it may be remarked that the best way to dis- 
solve the extract is to put it in a coarse bag and to suspend the bag 
in hot water. This prevents débris from going into the salution. In 
heating the large amount of water the exhaust steam from an engine, 
or any other steam of a pound or two pressure may be used. 


« The advisability of boiling the tan liquor is disputed. It appears the safer procedure 
to heat the water during the process of dissolution of the extract to about 175° F 
(80° C.). 

» Bluestone attacks metal vessels, and it should, therefore, be dissolved in barrels or 
other wooden vessels. 
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The accompanying drawing (Barclay, 19055) represents a plant as 
used in Scotland for barking nets. Catechu or other extract is dis- 
solved in tank B, which is heated by steam from a steam pipe. A 
system of pipes, the arrangement of which is obvious in the drawing, 
provides for drawing off the liquor into tanks where the nets are 
treated. JY is a steam: injector or siphon used for convenience in 
transferring the liquor from one vat to another, or returning it to 
the dissolving tank. 

It is assumed in these recipes that the nets are perfectly clean and 
free from oil before tanning. Preferably, nets should be tanned be- 
fore they are ever used. If they are dirty or greasy they should be 
washed in warm water and soap, well rinsed in warm water, and 
dried before tanning. 

It will be noticed from Bull’s figures that a double treatment of 
quercitron extract before mordanting (experiment No. 17) gave best 
results. If it is desired to do this—and this procedure is recom- 
mended—the first tan should be much weaker than the second; that is, 
use half the total amount of quercitron for first bath, add the remain- 
ing half to the same liquor for second bath, following with mordant, 
or after treatment. The net should be dried between first two baths 
of quercitron. This procedure is in keeping with the practice in the 
leather-tanning industry. 

While this method is usually referred to in the literature as “ Bull’s 
method,” it should be stated that an after treatment with a chromate 
(sodium chromate) was used before; for example, mention was made 
of it in the article in the Allgemeine Fischerei-Zeitung (1896) re- 
ferred to, and potassium bichromate in combination with catechu 
was tested by Lindeman (1897). Olaus Tysk¢, in a paper submitted 
in the Trondhjem contest, states that the method using catechu, copper 
sulphate, and potassium bichromate had been “ used in Fosen for the 
last 20 years.” (Konserveringsmidlers indflydelse paa fiskegarn- 
straad. Tilleg til Arsberetning for 1898 fra Trondhjems fiskerisel- 
skab, pp. 4-7.) 


SUMMARY OF METHODS OF PRESERVATION OF NETS BY TANNING. 


1. Tanning methods are suitable for preservation of nets, leave the 
nets soft and pliable, and afford a high degree of protection. 

2. Very little increased protection is afforded by treating tanned 
nets with lineseed oil or tar. 

3. An after treatment of potassium bichromate following the ap- 
plication of tan liquor greatly increases the preserving power of tan- 
ning materials, such as quercitron, catechu, gambier, etc. 

4. Copper sulphate (bluestone, copper vitriol) contributes to the 
color of nets when used as an adjunct to tanning methods, but does 
not add much, if anything, to the protecting power of the tanning 
material. 

5. So far as the data go, hemp threads are protected by tanning 
materials just as is cotton, but not such a great degree of protection 
is afforded. 

6. No data have been found regarding the preservation of linen 
thread. 
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7. All the methods of tanning impart a dark color to the nets, 
which color may be advantageous in making the nets less conspicu- 
ous in the water. 


PRESERVATION OF NETS BY METHODS NOT DEPENDENT ON 
TANNING MATERIALS. 


The methods of prolonging the life of nets which make no use of 
tanning materials, or make use of them only as adjuncts, employ 
linseed oil, pine tar, coal tar, bluestone, soap and bluestone, salt, 
smoke, and creosote. . 

Of these, linseed oil and tars are physical protections to the net; 
they fill up the spaces between the fibers and to a large extent keep 
the water from coming into contact with the materials of which the 
threads are composed. Naturally these materials are very efficacious, 
but that there are many and serious objections to the general use of 
gh oil and tar will appear later. Linseed oil will be considered 

rst. 
LINSEED OIL. 


For practical purposes the animal and vegetable oils are looked 
upon as being divided into two principal groups, the nondrying oils 
and the drying oils. The nondrying oils, of which coconut, peanut, 
cottonseed, and olive oils are examples, are used for soaps, foods, 
lubricants, and the like; they do not “dry”; that is, they do not 
form a skin upon being exposed to air, but under storage conditions 
may become rancid. The drying oils, such as linseed and men- 
haden oil, when exposed to air “dry”; that is, they form tough, 
somewhat elastic skins, which, when a pigment is incorporated with 
them, constitute paints. The conspicuous properties of these oils, 
that is, the turning rancid of the first class, and the drying to a skin 
of the second, are both traceable to the same cause—oxidation, or 
absorption of oxygen from the air. Both classes possess a keen 
appetite for oxygen, and the process of absorption is attended with 
the generation of heat; if the oil is distributed in such a way that 
great surface is offered for oxidation and at the same time little 
opportunity is afforded for the heat to escape; so much heat will be 
generated as to start a fire, as it 1s well known that oily rags will do, 
and also nets. Another peculiarity about this heating is that the 
hotter the rags or nets become, the faster the oxidation. 

Linseed oil is the great drying oil, used the world over as the body 
for paints. It has been used in Holland (Barclay, 1904) for many 
years for preserving nets and to a considerable extent in the same 


way in England, particularly at Lowestoft and Yarmouth. This 


method, according to Cunningham, is simple: The nets are given one 
bath of catechu, thoroughly dried; and then one bath of linseed oil, 
drained, and dried. After drying, which takes two or three weeks 
or more, they are again bathed in catechu, which removes any 
undried oil. In use they are occasionally given a treatment of 
catechu, like any other net. The method, as used by the Dutch, 
according to Jessen (1903), is as follows: 

Any grease on the net is first removed in water, to which a little more than 
2 quarts of slacked lime is added, per barrel of water. The net is then thor- 


oughly dried, and introduced into a bath of 18 pounds catechu to 35 gallons of 
water ; the water is boiled and stirred till the catechu is dissolved. The liquor 
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is kept hot while the net is put into it. It is left in until the knots have had 
time to be thoroughly penetrated; then taken out, drained, and the moist net 
packed in a vessel till next morning, when it is taken out and dried very 
thoroughly. As soon as completely dry it is ready to receive the same treat- 
ment again, and so on until it has had 6 to 8 treatments, between each two of 
which it is thoroughly dried out, care being taken that the interior of knots is 
soaked at each treatment and dried with each drying. 

The net, perfectly dried, is now brought under raw linseed oil—1 pound of 
oil for each pound of net. The oil is kept as cold as possible. The excess of 
oil is drained off in a vessel with a false bottom. This done, the net is laid out 
in a field to dry, which drying takes two or three weeks or more. Much rain 
will injure the net, but under no circumstances should the net ever be heaped 
up until absolutely dry, even if it does rain. If it is heaped up it is certain 
to heat, and, aside from the danger of fire, it may be ruined by the heat 
generated. 

There is no doubt that this is an excellent preserving method for 
nets and deserves all the esteem in which it has been held for so many 
years. But, because of its laboriousness and the present cost of linseed 
oil, it is not at all likely to receive consideration under present con- 
ditions in the United States. Neither is it every fisherman that has 
idle land on which he can lay out nets for three weeks or more to dry. 
Nor is-the method necessary in many cases, for if the figures by 
Lindeman and Bull, given above, are reliable, the threads may be 
as well preserved by catechu or other tan, followed by a mordant, 
at much less cost and labor. The threads of hemp, preserved with 
eatechu and mordant, were reduced in strength from 13.7 to 12.1 
between first and third tests (28 weeks); preserved with catechu, 
mordanted, and then oiled, the figures are 10.9 and 13.2, or an ap- 
parent increase in strength. With cotton the results were similar, 
only both appeared to become stronger. But it will be noticed that 
the oiled nets are 50 per cent or more heavier than the other and the 
breaking length is correspondingly shorter. 

Nets oiled with linseed oil are stiffer and harder than nets not oiled ; 
in some cases, such as the gill nets for shad, this would be a serious 
objection; but for nets that stay constantly in the water, such as 
trammel or moored nets, oiling might be well justified. Cunningham 
said he left oiled nets in the water two months and found no diminu- 
tion in strength in that time. Barclay (1905) concludes that im- 
proved tanning methods are good where there is opportunity for 
occasional drying of nets, but where there is no opportunity for 
drying it may be desirable to oil the nets after they are tanned or 


“ barked.” 


TAR. 


Preservation of nets by tar is the principal method used in the 
United States. The nets are simply passed through hot tar, freed 
from excess, and partially dried. On use the drying continues until 
the tar is hard and tough. Of this method Cunningham says: 


This method of treating a net is very cheap and tested by the method above 
described—breaking tests—on pieces of net exposed in a harbor, the preserva- 
tion is very perfect. A piece of net lost scarcely any strength after two months in 
the water, and, moreover, a tidrred net is distinctly stronger than a cutched 
net, because the dry tar increases the strength of the cotton fibers by giuing 
them together. As an antidote to putrefaction coal tar is perfect, no septic 
organisms being able to live in it. The fibers of the cotton, being covered by 
the tar, do not come actually into contact with water. For these reasons tar 
is an excellent preservative for coarse nets for rough use, such as trawl nets, 
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But for drift nets there are many objections to its use in the manner considered. 
The net is too rigid and stiff, and, therefore, does not usually mesh the fish 
well although to some extent the net is made more flexible by occasional dips 
in hot cutch, which softens the tar and removes a portion of it. The rigidity 
of the net causes it to wear out mechanically; after two or three years it is 
apt to give way at the knots, owing to the breaking of the stiffened fibers under 
the constant bending. 

Another method sometimes used employs cutch and tar together, 
the tar being stirred into.the hot cutch and the net bathed in the 
mixture. Cunningham found this to be very little better than the 
eutch or catechu alone, for the reason that the tar does not mix 
uniformly with the cutch, but breaks up into little droplets which 
attach themselves to the threads. The threads are therefore not 
uniformly protected by the tar. 

Tar consists of two parts, a liquid part which is separately 
known as creosote, and a black, solid part which is left behind when 
the creosote evaporates. When the tar is first applied both are 
present, but as time passes the liquid creosote gradually evaporates, 
while the solid part remains. Both assist in protecting the nets, 
the solid by gluing the fibers together, the liquid by killing bacte- 
ria; one protects, the other preserves. 

If in the table given by Bull (p. 20) the samples prepared with 
tar are compared with samples prepared in other ways, 1t 1s seen 
that tar holds its own against all rivals, if we consider preserva- 
tion of breaking strength only. But it is noticed that weight is 
increased from around 1.6 grams per 10 meters to around 3.5, 
or about 24 times; the breaking length is correspondingly reduced, 
while the absorption of water is reduced from about 250 per cent 
to about 50 per cent; that is, the amount of water the threads will 
absorb is reduced by the application of tar from about 24 times its 
own weight to one-half its own weight. 

The added weight of tar is a very material disadvantage in large 
nets, for it increases the labor of handling nets and prolongs the 
time of every move of the net. On the other hand, Bull’s table shows 
that the tarred net soaks up much less water than the barked net 
and that, since absorbed water adds to the weight of the net just 
as tar does, the weight added by water must also be considered. 

In the case of drift nets, where the poise of the net in the water 
is of greatest importance, the balance of the net has a bearing on 
the method of barking (Jessen, 1906). Jessen argues thus: A 
quantity of sea water of the same air and salt content and at the 
same temperature as that of the sea, will neither sink nor float, 
but will stay at whatever depth it is put, and when water thus 
soaks into a net it will tend neither to sink nor float the net, but 
is a dead weight. This dead weight, however, must be counter- 
balanced by a greater weight on the lead line than would be needed 
without it; that is, the weights on a water-logged net must be greater 
by an amount equal to the weight of the water in the net in order 
to keep the net vertical. Thus, if the untreated net in Bull’s table 
took up 227 per cent water (No. 1) and required 24 kilograms 
stone sinkers, the barked net which took up 179 per cent water 
(No. 11) would require 21.6 kilograms sinkers, and with the barked 
and tarred net (No. 23) that took up 54 per cent of water, only 
10.5 kilograms sinkers would be needed, and that with lead sinkers 
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these figures are 14.6, 13.2, and 6.4 kilograms, respectively. Then, 
to show the practical force of his argument, he points out that with 
the untreated net (No. 1) with stone sinkers one must work with 
the weight of the net, 8.6 kilograms plus the water soaked up, 19.5 
kilograms plus the stone sinkers, 24 kilograms, or 52.1 kilograms 
all together. While with the barked and tarred net and lead sink- 
ers these weights are, net, tanning material and tar, 15.7 kilograms; 
absorbed water, 8.5 a the necessary lead, 0.4 kilogram; a total 
of 30.6 kilograms. e also shows that the first net, requiring 17 
men to handle it, can, if its weight is reduced by barking and 
tarring, be handled by only 10 men. No argument is required to 
show, also, that of two nets made of material exactly the same 
size and quality, but one weighted down to nearly twice the. weight 
of the other, the heavier will wear faster than the lighter. While 
space does not permit of an extended review of the discussion of 
these matters, it should be pointed out that Jessen appears to 
have overlooked the fact that if a tarred net of a weight of 3.15 
increases in weight by 54 per cent, it will weigh 4.85 in all, while 
the untreated net of 1.45 will, when increased by 227 per cent, weigh 
4.95, or more than the tarred one. Bull, in the article referred to 
in the footnote, gives the correct mathematics for making the cal- 
culations. 


CUNNINGHAM’S FURTHER EXPERIMENTS. 


At this point it is appropriate to introduce the remaining experi- 
ments conducted by Cunningham, using all the ordinary net presery- 
atives 1n varlous ways. 


PREPARATION OF SAMPLES. 


1. Cutch alone (one-half pound cutch boiled in one-half gallon of water).— 
The pieces of net put in this until well soaked, then dried. Then put into cutch 
of same strength, steeped for two days, then dried. 

2. Cutch and glue (one-half pound glue dissolved in 1 gallon of water).—The 
net dipped into this, then squeezed and put into hot cutch—one-half pound cutch 
to one-half gallon of water—then dried. Afterwards dipped a second time into 
cutch of same strength and dried again. 

8. Cuteh, glue, and bichromate of potash.—The net was dipped into glue, 
1 pound to one-half gallon of water, with a little bichromate of potash added; 
then put into cold cutch and left to steep two days. 

4. Cutech and copper sulphate.—The net was steeped two days in cutch, one- 
half pound to one-half gallon of water, then, while wet, put into copper sul- 
phate, 1 pound to one-half gallon of water, and after a short soak rinsed in 
fresh water and dried. 

5. Cuteh and coal tar.—The net was first saturated with coal tar, then squeezed 
and wrung out several times with hot water, then dried for a week, and after- 
wards dipped in hot cutch, one-half pound to one-half gallon of water. 

6. Cutch and coal tar mixed.—One-half pound cutch boiled in one-half gallon 
of water and then about a pint of coal tar stirred into the hot solution. The 
net was dipped into the hot mixture, then dried. 

7. Cutch, tar, and green oil [a creosote distilled from coal tar].—The net was 
first steeped three days in cutch, one-half pound to one-half gallon of water. 
Then the same cutch was heated and the net passed hot from this through a mix- 
ture of coa! tar, Stockholm [pine] tar, and green oil as thick as paint. The net 
was then passed through a wringing machine and dried. 


«See further, Bull (1906). Reference is made by Bull to a discussion of the matter 
between Dr. Johan Hjort and Peter Jessen in the Bergens Tidende, presumably in 1906. 
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8. Coal tar and green oil mixed.—The net was steeped in the mixture, then 
passed through a wringing machine, and hung up to dry. 

9. Cutch and green oil——The net was steeped. several days in cutch, one-half 
pound to one-half gallon of water, then dried and put into green oil, then passed 
through a wringing machine and hung up to dry. 

10. Green oil alone.—The net was simply saturated with green oil, passed 
through a wringer, and hung up to dry. 

11. Cuteh and Stockholm tar, mixed (one-half pound cutch boiled in one-half 
gallon of water, and one-half pint Stockholm tar stirred into the hot solution ).— 
The net dipped into the mixture, squeezed out, and dried. 

12. Cutech, Stockholm tar, and green oil.—The net was steeped three days in 
eutch, one-half pound to one-half gallon of water, then dried and soaked in 
Stockholm tar warmed, with a little turpentine added. As the net was very 
hard and sticky, it was soaked with green oil and passed through the wringing 
machine. 

13. Cutch and linseed oil—The net was steeped in cutch (one-half pound 
to one-half gallon of water) for three days, dried, and then dipped in boiled oil, 
with driers added. After some weeks it was dipped again in cutch and dried. 

14. Soap and copper sulphate (one-half pound soap boiled in one-half gallon of 
water).—The net soaked in this and then put into a solution of copper sulphate, 
one-half pound to one-half gallon of water. 

15. Soap, copper sulphate and linseed oil—The net, prepared as in 14, was 
saturated with boiled oil, with driers added, and hung up to dry. 


The pieces were all cut from the same mackerel net, 244 rows to 
the yard. 12-ply, and the following table shows the results of testing: 


Strength when | Strength after | Strength after 


Mode of cure. = 4 weeksin 2 months in 
gs } water. water. 
Lbs 028. Lbs. ozs. Lbs ozs 
1. Cutch only, two dips and steeped.................... 15 9 16 8 6 6 
2. Glue and cutch, one dip in glue, two in cutch........ 17 2 9 ty tae Rae age atl 
3. Cutch, glue, and bichromate of potash. .............. 160 ol 14 Qi ilesebeace sede cece 
4. Cuteh and copper sulphate... ....:..5.......-..-..... 13 8 10 a PRE es ea ee 
5. Cutch and coal tar, tarred first......................- 18 4 21 0 18 0 
efntchiand coalitar,mixed......5s...-..--2--:-is--- \ y dae 6 18 6 8 1 
7. Cutch, tar, and green oil, passed direct from the 
Resebiintelthe tate io (a hes- by as: - i -3.) :- Bierys a 1s 0 14 3 
8. Coal tar and green oil, mixed............-.........--- 16 0 16 1 14 12 
Pecurch anderoun.ailss 5 Seite eM eees ki 2 cite 15). 914 18 4 17 0 
Le Gar siinret 1G fcc Ces a oe ee ro ne ae IE 16 5 16 0 15 8 
11. Cutch and Stockholm tar mixed............2....... 17/7 "43 17 6 6 12 
12. Cutch, Stockholm tar, and green oil... 14 4 18 0 16 6 
13. Cutch and linseed oil...........-.--- 15 1 16 12 15 8 
14. Soap-and copper sulphate.........-- Ss toc bet 15 1 15 SP FiRLE Skkhd se 
15. Soap, copper sulphate, and linseed oil............... 15 1 15 4 14 8 


It is evident that Cunningham did not carry his tests far enough 
to give decisive indications. In spite of this insufficiency, it is plain 
that those methods are good which depend on tar or oil as a protec- 
tive covering, where these substances really cover, but when they are 
broken up into tiny particles or applied to a wet net, as in Nos. 6, 7, 
and 11, little protection is given. 


SHRINKAGE CAUSED BY PRESERVING. 


Cunningham also kept a record of the shrinkage caused by the 
various methods of curing nets. As stated above, the nets were 244 
rows per yard before treatment. After treatment they varied ac- 
cording to the following list. (Of course, the greater the number 
of rows there are the more the shrinkage that has taken place.) 
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No. Rows per yard. | No. Rows per yard. 
1 eutcheonl yaoi eee OTe 2 264 | 10. Green ‘oil alone__-_~-~_-=- 254 
2. Glue and cutch-________-_. 254 | 11. Cutch and Stockholm tar_____ Pate 
3. Cutch, glue, and bichromate_ 253 | 12. Cutch, Stockholm tar, and 
4, Cutch and copper sulphate___ 254 erent Nothin Seeks sae 254 
o- Coal tar and’ cuteh. 2o2e18 28" = 284 | 13. Cutch and linseed oil__-_--_- 27 
6. Cutch and coal tar mixed____ 27 14. Soap and copper sulphate____ 27 
7. Cuteh, tar, and green oil____ 254 | 15. Soap, copper sulphate, and lin- 

8. Coal tar and green oil_______ 254 seed) Ore eas 2 Ea ae 27 
9. Cutch and green oi 220214) - 264 


All the methods caused shrinkage, the greatest being caused by 
coal tar and cutch, but the other combinations of cutch and tar 
caused marked shrinkage. All the tanning methods cause shrinkage, 
and the shrinkage increases with each application of the preserva- 
tive. 

To conclude the discussion of tar‘as a preservative, it can be said 
that tar effects excellent preservation, is comparatively inexpensive, 
and requires much less labor and time than, for example, the com- 
bination of catechu and linseed oil. For the heavier and coarser 
kinds of nets that are anchored or moored in the water, such as tram- 
mel or pound nets or nets that are handled by machinery, the method 
is well suited. But for gill nets, the method is not at all suited, and 
for even the heavier seines that are hauled by hand, consideration 
should be given to the extra weight added by tar and the conse- 
quently increased number of men necessary to handle nets so pre- 
served. In such cases, especially for nets that can be dried occa- 
sionally, the more improved barking methods, such as quercitron and 
potassium bichromate, are likely to prove to be better and to be little 
more expensive or laborious than methods employing tar. 

Tar should never be mixed with catechu solution or anything else 
containing water before application to the net and should never be 
applied to a wet net. It may be thinned with creosote, “green oil,” 
turpentine, etc., without injury. If a net be cutched or barked before 
being tarred, it should be thoroughly dried before the tar is applied. 
While tar may be applied profitably to new, white nets, it seems 
likely that it will always yield a good return on the investment to 
tan the nets with quercitron and bichromate and to follow with a 
thorough drying before application of the tar. 


CREOSOTE, SMOKE, ETC. 


As stated above, tar consists of a solid and a liquid part. The 
liquid part really consists of a number of different liquids and vola- 
tile solids, such as carbolic acid, benzol (or benzene), napthalene, etc., 
mixed, which, when separated, have different important commercial 
uses. They are distilled off from coal tar. One portion (the third 
main portion distilling over at from 230 or 240 to 270° C.) is known 
as “ green oil” or creosote oil, a greenish-yellow, oily liquid, heavier 
than water, and containing various antiseptic substances. It is used 
for the preservation of crossties, fence posts, telegraph and tele- 
phone poles, and has been used for the treatment of nets. Reference 
to Cunningham’s table above shows that creosote oil alone rs a good 
preservative for nets and causes little shrinkage; it also possesses 
this advantage, that it does not make nets stiff. The principal objec- 
tion to its general use is that it washes out or evaporates rather rap- 
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idly from the net, and no method of fixing it is known. The net is 
oily or greasy for some time after it is treated and is therefore objec- 
tionable to handle. 

Concerning the mode of application of creosote, Cunningham says: 

There are many different ways of applying the green oil or creosote to the 
nets; the net may be wel! cutched first, then dried, soaked in the green oil 
when dry, then passed through a wringing machine, and spread out to dry; or 
the net may be passed straight from hot cutch, without drying, through the 
green oil, and then dried, or, instead of the oil alone, a mixture of tar and 
green oil may be used. In whatever way it was applied I found pieces of net 
treated with green oil had lost but very little strength after two months’ 
exposure in Newlyn Harbor. 

The principal preserving matters in creosote that comes from wood 
go over in the smoke when the wood burns in a smoldering fire. 
Upon this fact is based a method using smoke.* 

Tt is stated in the articles referred to that this method had been 
used on the Guif of Courland for many years in houses that had no 
chimneys by allowing the smoke to go through passages into a loft 
where the nets were hung. A direct method of applying the smoke 
is to fasten the net to the underside of boards which are supported 
above a smoking wood fire. 

While this method appears to be primitive, there is nothing chemi- 
cally unreasonable about it, and it may be that under certain circum- 
stances the method would be applicable to-day. It would certainly 
be much better than nothing, provided the nets were not allowed to 
be overheated during the smoking process. It would be necessary to 
repeat the treatment, perhaps several times a year. The method has 
the advantage of depositing upon the fibers the volatile antiseptic 
substances of tar, without the heavy thick parts, and it would ap- 
pear less likely to shrink the nets. 


COPPER SULPHATE, 


It was noticed in the figures of Lindeman, given above, that hemp 
threads were improved by every method that improved cotton 
threads; only one preserving material had a more marked effect on 
hemp than on cetton—that is, copper sulphate (or copper vitriol, blue- 
stone, blue vitriol, etc., as it is variously known). This substance 
has long been used for nets, alone or in combination with other sub- 
stances. According to a quotation in the Norsk Fiskeritidende 
(1906) this is used in Norway for the treatment of salmon nets. One 
kilogram (21 pounds) of copper sulphate is dissolved in a barrel of 
water. The nets are treated with this by allowing them to le in it 
overnight. They are put into the sea as soon as they are taken from 
the bath, without preliminary drying. Lindeman’s figures show that 
the method does not deserve serious consideration. 

What is perhaps of much more importance is a method of using 
copper sulphate in combination with soap. A method of this kind is 
said to have been used in the French sardine industry to give the nets 
a color. Oils consist of two parts, glycerin combined with fatty acids. 
When the glycerin is taken out, and soda or potash substituted for it, 


4 See Mittheilungen des Westpreussischen Fischerei-Vereins (1896), Deutscher Fischerei- 
Verein (1885), and Norsk Viskeritidende (1896). 
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ordinary soaps are produced. If, instead of the alkalis, any other 
metal—suclk as copper, mercury, aluminum, etc.—is used, insoluble 
soaps—such as copper soap, mercury soap, aluminum soap, etc.—are 
produced. The simplest method of preparing these “heavy metal 
soaps ” is first to make ordinary soap, then treat it in solution with 
a compound of the metal whose soap is desired. Thus, if to a solution 
of ordinary soap aluminum chloride is added, an insoluble waxy 
precipitate falls—aluminum soap; if copper sulphate is employed 
instead of aluminum chloride, a bright green, insoluble copper soap 
is formed. The insoluble calcium soap is a very familiar substance 
formed when soap is dissolved in “ hard” water—a tallowy stuil 
that gets on one’s hands, the bathtub, etc. This is calcium or lime 
soap. <A similar soap is used for temporary calking of small leaks in 
boats; a soap of aluminum is used to waterproof clothing, for it makes 
clothes difficult to wet, the water rolling off “ like water from a duck’s 
back.” 

Now, if the principal reason for using copper to preserve nets 1s 
that it kills bacteria and other injurious living things, and if the 
principal objection to its use as bluestone is that it washes out so 
readily, there will be no difficulty in seeing that the object of using it 
in the form of a soap is to take advantage of its protective property 
and at the same time to prevent it from escaping into the water. 
Since copper soap is quite insoluble in water, there would be no way 
to get it into the fibers if it were made before it is applied; it is there- 
fore necessary to cause the copper soap to be produced inside the fiber 
by impregnating the threads first with soap solution and then with 
copper sulphate. In the practice of preserving nets the following 
process, according to Cunningham, is used: 

To treat a net by this process from one-half to three-fourths pound of ordi- 
nary soap, such as mottled soap * * * is used for each gallon of water, 
and the soap is dissolved by boiling in a copper or in a galvanized bath over a 
fire. The net is then soaked in the soap solution, taken out, squeezed through 
the hands, and allowed to drain. The copper sulphate, which is also known as 
blue vitriol or bluestone, must not be dissolved in an iron vessel, as it will at- 
tack and dissolve the iron. It must be put into a wooden or earthenware ves- 
sel, and it is not necessary to use heat to dissolved it, as it will dissolve in cold 
water if stirred up for a short time. The net while still hot from the soap 
solution is then passed through or put into the solution of bluestone, and the 
whole net becomes uniformly green. The net is then rinsed in cold water. 
About three-fourths pound of bluestone to a gallon of water is the proportion 
required. 

This method preserves the net, according to Cunningham’s fig- 
ures, for about four weeks, but he says that after two months the 
sample treated was quite rotten. The process can, of course, be re- 
peated as often as necessary, and by repeated treatments a net should 
be kept in condition for years. It causes strong shrinking of the net. 

A similar method is recommended for ropes and canvas by the 
Norsk Fiskeritidende (1887). The procedure there given is as 
follows: 


Ropes are laid first for four days in a solution of copper vitriol (20 grams 
to a liter of water—two-thirds ounce to a quart) and then dried. They are then 
tarred in the usual way or laid in a soap solution (100 grams to a liter of 
water—34 ounces to a quart) until they are saturated through. Canvas is 
treated only with the vitriol and soap. 
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GENERAL COMMENTS. 


Only the more important and widely used or promising processes 
for the preservation of nets have been considered. To anyone who 
has searched literature it would be a surprise if a great many other 
methods and processes were not found to have been tried. The list 
given by Jessen includes, besides barking, smoking, alum, train oils, 
tallow, grease, bluestone, potassium bichromate, various compounds 
of mercury, iron vitriol, pine tar, wood oils, coal tar, aniline dyes, 
and various other products of gas works, salt, resins, soaps, lime, ete. 
But all the recorded data found that will have a material value have 
been included in this paper. 

It should be obvious to most people that nets should always re- 
ceive some preservative treatment. Coarse nets, pound nets, and the 
like should be both barked with catechu or quercitron, mordanted 
with potassium bichromate, and then tarred. Where it is not pos- 
sible or suitable to tar the nets, they should receive the catechu or 
quercitron treatment and the mordant. It is preferable to use two 
baths of quercitron, the first containing only one-half the total 
amount to be used. 

Though no actual figures have been brought forth to prove it, 
there is little doubt that nets are destroyed more rapidly in warm 
climates and warm weather than in cold. Fishermen should take 
note of this fact and be accordingly more careful of their nets where 
the weather is warm. It is also likely that foul, dirty water works 
more rapid destruction on nets than clean water. 

One of the possible ways to avoid the disintegration of nets is, of 
course, the chance of using some material that is not subject to de- 
cay—metals, for example. A person signing the initials C. J. (1912) 
describes briefly in the Dansk Fiskeritidende some experiments with 
aluminum, brass, copper, and galvanized-iron wire for bow nets. The 
aluminum proved to be best. 

No important results have come from efforts to substitute metals 
for plant fibers for nets. 


CARE OF NETS. 


When nets are piled up wet—especially if they are foul with slime, 
blood, fat, ete.—the rapid oxidation heats the net. Even if the net 
does not take fire the heat generated may very well cause a great 
weakening. This weakening will not be visible, but will tell in a 
much shorter life of the net. However carefully the net is barked 
or tarred, a very short life can be looked for if the net has been 
heated. 

For a temporary preservative, where it is not possible to dry the 
nets, it is customary to salt them. This is a useful treatment, as far 
as it goes. Salt is not in itself poisonous or injurious to small 
organisms or bacteria (for they live in the sea which contains much 
salt) if the concentration is not too great. But it is well known that 
when any watery organism is exposed to a salt solution stronger than 
its own juice water will be extracted and usually the organism dies. 
The salt is injurious to living things not because of its saltiness, but 
because of its concentration; not because it is poisonous, but because 
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it extracts the water necessary for things to live on. The rule is that 
a stronger salt solution will extract water from a weaker juice where- 
ever it comes in contact with it. 

This principle is made use of in many ways. Every fisherman 
knows that salt draws the water out of fish in the curing process. 
It is not so apparent, but it is equally true, that it draws the water 
from and kills the bacteria that would otherwise cause the fish to 
decay, and thus preserves it. Any equally concentrated substance 
would do the same. Thus sugar is used in very concentrated sirup 
to preserve fruits; if the preserves were sufficiently diluted with 
water, bacteria could live in them and they would spoil. 

In this way salt preserves nets. It dissolves in the moisture on the 
threads to make a very strong solution; this strong solution kills 
bacteria and other small organisms by extracting the water from 
them. From this it is hardly necessary to say that the salt should 
be applied generously, and preferably in the dry condition, to a wet 
net. If brine is used, it should be very strong. 

But salt will not prevent heating in an oily net that ha’ just 
caught very fat fish, such as herring. The heating is caused by the 
air working on the fat. The only way to prevent this heating is 
either to get rid of the fat or to prevent the air from getting to it. 
Aboard a vessel it is not always convenient to wash the net out imme- 
diately, nor is there room to spread the net (if spread, the heat, of 
course, escapes as fast as produced and no harm is done). Bull 
(1905) suggests that to prevent this heating of recently used herring 
nets aboard a vessel, there be provided a wooden tank with a tight- 
fitting lid, filled with water or salt solution, and that the net be put 
into this and covered over with the lid until there is opportunity to 
wash it. The water or salt solution keeps out the air and prevents 
heating. The cheapest obtainable grade of salt may be used, since 
there is not likely to be anything in it that is injurious to nets. 

Nets, as every fisherman knows, should be washed and dried at 
every opportunity. 

CONCLUSION. 


The most important methods of preserving nets are tanning, for 
which an improved recipe is given on page 22; tarring, found on 
page 26; and creosote, found on page 30. Other methods are also 
given. 
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LETTER OF TRANSMITTAL. 


DEPARTMENT OF COMMERCE, 
BuREAU OF FISHERIES, 
Washington, June 15, 1920. 
Hon. Hueu M. Smrra, 
Commissioner of Fisheries. 


Dear Str: I have the honor to submit herewith ‘‘An Analytical Subject Bibli- 
ography of the Publications of the Bureau of Fisheries, 1871-1920,’’ being an analysis 
of the reports, appendixes, special papers, bulletins, economic circulars, occasional 
papers, and of ‘‘ The Fisheries and Fishery Industries.’’ 

Jovering the investigations of the Bureau since its incipiency, it shows, in a measure, 
the work of a number of men of no mean fame in the field of biology. Much of it was 
pioneer work, which modern investigators can not afford to ignore. 

The work here transmitted was started in 1912, as a catalogue of the publications 
of the Bureau. Later it was decided to assemble these titles under subjects pertinent 
to the work of the Bureau. 

In compiling this subject index it was found that references to many valuable 
results would be lost unless a meticulous analysis of the publications be made. Each 
paper was therefore examined searchingly, and when the discussion was found to be of 
sufficient detail, a title for it was made. For instance, of the 141 titles of Food of fishes, 
87 were made from the subject contents. 

It had long been realized and often stated by those cognizant. of the ideals of the 
Bureau that there was a veritable fund of valuable information in the publications 
of the Bureau, which was lost because the modern investigator knew not how to find it. 
It is hoped that this work will prove a valuable key. 

The arrangement differs from that usually employed in bibliographies, the object 
having been to arrange it from the viewpoint of the investigator. In a work of such 
detail, the preparation of which has necessarily extended over several years, some 
mistakes will doubtless appear. For these I am quite willing to assume responsibility, 
knowing that a bibliography of such magnitude can not be perfect. 

In its entirety it stands as a slight tribute to the builders of the Bureau of Fisheries 
and to all who have labored with them. It has been a pleasure and an inspiration 
to do the work, and I hope it may prove of value. I have the honor to be, 

Very respectfully, 
Rosse M. E. MacDonatp, Librarian. 
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EXPLANATORY NOTE. 


The bibliography is composed of two styles of titles, those given just as they appear 
in the publications and those resulting from the analysis of each article. For the first 
style, cards have been printed by the Library of Congress from copy prepared in this 
Bureau. These cards may be purchased from the Library of Congress, the card 
wanted to be designated by the call number, which appears in the right-hand margin 
of each page. The second style, or ‘‘made titles,” are designated by brackets and 
have no printed cards. A 

The arrangement under each subject is by authors listed alphabetically. The 
arrangement under each author is chronological. 

Work or investigations covered in the annual report of the Commissioner are com- 
bined under the authorship of the United States Commissioner of Fisheries. To give 
the name of the Commissioner sponsoring the work would frequently destroy the 
chronological arrangement. For those who may care to cite the Commissioner’s name 
the following list is given: 

Baird, Spencer Fullerton, 1871-1887. 
Goode, G. Brown, 1887-1888. 
McDonald, Marshall, 1888-1895. 
Gill, Herbert A. (acting), 1895-1896. 
Brice, John J., 1896-1898. 

Bowers, George M., 1898-1913. 
Smith, Hugh M., 1913- 

For the purpose of chronological arrangement, divisional reports are given under 
the authorship of the United States Bureau of Fisheries. 

In anaylzing reports (meaning also appendixes and special papers) and bulletins, 
the analysis in each case has been of the bound volume, and the date of issue given 
for each title is therefore that of the volume. In the majority of cases, however, 
the articles comprising the bound volume are firstissued as separates. In all such 
instances, in addition to the date of issue of the volume, the date of issue of the 
article as a separate is given in italics. The one exception is in the treatment of 
the annual reports, page 7, where the date of issue of the separate only is given. 

Being an analysis of publications of the Bureau of Fisheries only, which are always 
printed in Washington and, with few exceptions, by the Government Printing 
Office, the place of publication is omitted in every case, and the printer given only 
in the exceptions. 
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PART 1.—UNITED STATES BUREAU OF FISHERIES. 
HISTORY. 


Brice, John J.: The work of the United States Fish commission from December 1, 
1896, to November 3, 1897. Bulletin, 1897 (1898), vol. XVII, p. 135-139. Doe. 
354 issued Feb. 4, 1898. E : _ F12-243 

Goode, George Brown: The first decade of the United States ‘ish commission, its 

lan of work and accomplished results, scientific and economical. Report, 1880 
1883), p. 53-62. ; F'16-23 
Ibid. Bulletin, 1881 (1883), vol. II, p. 169-178. F12-356 
Smiley, Charles Wesley: Four tables, showing the amount of public money appro- 
riated for carrying on the United States Commission of fisheries, and the various 
Btate commissions, from 1865 to 1882, inclusive. Bulletin, 1883 (1883), vol. 


III, p. 140-152. | Fig-122 
ithe organization and personnel of the United States Fish commission, June 1, 
1883. Bulletin, 1883 (1883), vol. Il, p. 115-116. F18-117 


Smith, Hugh M.: The United States Bureau of fisheries, its establishment, func- 
tions, organization, resources, operations, and achievements. 80 p., front. 
(ports.), illus. Doc. 641 issued September, 1908. 8-35683 

Idem. Bulletin, 1908 (1910), vol. XXVIII, p. 1365-1411, front. (ports.), 
illus. Doc. 725 issued May 10, 1910. 

U. S. Bureau of Fisheries: Directory of officers, collaborators, employees, etc., of 
the Smithsonian institution, National museum, Geological survey, and Fish com- 


mission. 8p. Doc. 39 issued June, 1882. F 14-134 
U.S. Commission of fish and fisheries. Laws and regulations. 32 p. Doc. 49 
issued June 26, 1882. F 12-240 


Origin and functions.] Printed for distribution at the Lewis and Clark cen- 
tennial exposition, Portland, Oregon, 1905, by the U.S. Department of commerce 
and labor, section of the Bureau of fisheries. 6 p., illus. 

[Origin and functions.] Printed for distribution at the Ter-Centennial Expo- 
sition, near Norfolk, Va., 1907, by the U. 8. Bureau of fisheries. 1907. 10 p.; 


illus. 
ANNUAL REPORTS. 


U.S. Commissioner of Fisheries: Annual report, 1871 and 1872, Doc. 3 issued 1878, 
y 1872 and 1873, Doc. 4 issued 1874; 1873-74 and 1874-75, Doc. 15 issued July 24, 
1876; 1875 and 1876, Doc. 17 issued 1879; 1877, Doc. 25 issued Oct. 17, 1879; 1878; 
Doc. 28, issued 1880; 1879, Doc. 46 issued June, 1882; 1880, Doc. 62 issued 1883; 
1881, Doc. 65 issued Jan. 22, 1884; 1882, Doc. 77 issued Aug. 15, 1884; 1883, Doc. 
95 issued Dec. 19, 1885; 1884, Doc. 108 issued Nov. 24, 1886; 1885, Doc. 115 issued 
May 16, 1887; 1886, Doc. 134 issued 1889; 1887, Doc. 176 issued Dec. 1, 1891; 
1888-89, Doc. 192 issued 1893; 1889-1891, Doc. 213 issued 1893; 1892, Doc. 283 
issued Dec. 26, 1894; 1893, Doc. 298 issued May 28, 1896; 1894, Doc. 315 issued 1896; 
1895, Doc. 331 issued Jan. 6, 1897; 1896, Doc. 337 issued May 29, 1897; 1897, Doc. 
344 wsued Feb. 21, 1898; 1898, Doc. 898 issued Mar. 16, 1899; 1899, Doc. 430 issued 
Sept. 8, 1900; 1900, Doc. 450 issued Dec. 15, 1900; 1901, Doc. 481 issued June 30, 
1902; 1902, Doc. 524 issued Apr. 16, 1903; 1903, Doc. 548 issued May 9, 1904; 1904, 
Doc. 553 issued Jan. 11, 1905; 1905, Doc. 594 issued Jan. 19, 1906; 1906, Doc. 608 
issued Dec. 81, 1906; 1907, Doc. 629 issued Dec. 13, 1907; 1908, Doc. 642 issued Dec. 
23, 1908; 1909, Doc. 727 issued Feb. 12, 1910; 1910, Doc. 734 issued Nov. 25, 1910; 
1911, Doc. 753 issued May 4, 1912; 1912, Doc. 772 issued Feb. 1, 1913; 1913, Doc. 78 
issued Jan. 27, 1914; 1914, Doc. 807 issued Dec. 9, 1914; 1915, Doc. 827 issued Dec. 
24, 1915; 1916, Doc. 836 issued Dec. 16, 1916; 1917, Doc. 845 issued Dec. 6, 1917; 
1918, Doc. 862 issued Dec. 11, 1918; 1919, Doc. 877 issued Dec. 11, 1919; 1920, 
Doc. 894 isswed Dec. 16, 1920. F10-2-3 


PUBLICATIONS. 


Scudder, Charles W.: A list of the blank forms, circulars, and minor publications 
of the U. S. Fish commission from August 1, 1883, to August, 1884. Bulletin, 
1884 (1884), vol. IV, p. 397-490. F18-350 

List of publications of the United States Fish commission from its establishment 

in February, 1871, to February, 1896. Report, 1894 (1896), p. 617-706. Doc, 329 

issued Dec. 14, 1896. 
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Smiley, Charles Wesley: List of papers relating to the work of the United States 
Fish commission from its organization in 1871, to July 1, 1888, and which have 
been published under the direction of the United States Fish commission, 
National museum, and Tenth census, together with a topical synopsis of the titles. 
Bulletin, 1883 (1883), vol. III, p. 1-85. F18-114 

A list of the blank forms, circulars, and minor publications of the United 

States Fish commission from its organization in 1871 to August 1, 1883. Bulletin, 

1883 (1883), vol. III, p. 129-148. F 18-121 

Chronological list of pamphlet publications of the U §. Fish commission from 
its organization in 1871 to January, 1885. Bulletin, 1885 (1885), vol. V, p. 41-48. 

F 18-376 

U.S. Bureau of Fisheries: Publications of the United States Commission of fish 
and fisheries available for distribution on June 30, 1897. Appendix 7, Report, 
1896 (1897), p. 343-356. Doc. 354 issued Feb. 4, 1898. 

Publications of the United States Commission of fish and fisheries available for 

distribution on March 1, 1899. Report, 1899 (1900), p. 313-327. Doc. 406 issued 

Mar. 28, 1899. 

Publications of the United States Commission of fish and fisheries available 

for distribution on June 30, 1903. Report, 1903 (1905), p. 529-551. Doe. 552 

issued Oct. 27, 1904. 

List of publications of the Bureau of fisheries available for distribution. Doe. 

614 issued Sept. 4, 1907; Jan. 23, 1908; Apr. 25, 1908; Dec. 21,1908; Mar. 20, 1909; 

May 7, 1910; Feb. 19, 1911; Aug. 15, 1913; Oct. 20, 1914; July 17, 1915; May 26, 


1916. 
LABORATORIES. 


BEAUFORT, N. C. 


HISTORY. 


U. S. Bureau of Fisheries: The Bureau of fisheries and its biological station at 
Beaufort, N.C. 1916. 11 p., illus. [Occasional papers. } F 16-104 

U. S. Commissioner of Fisheries: [Establishment of station.] Report, 1901 
(1902), p. 14-15. 

[Description of laboratory.] Report, 1903 (1905), p. 14-15, illus. 

[Improvements and repairs.] Report, 1915 (1917), p. 34-36. 


BRIEF MENTION OF WORK. 


U. S. Commissioner of Fisheries: Report, 1905 (1907), p. 26; 1906 (1908), p. 15; 
1908 (1910), p. 11; 1909 (1911), p. 16; 1910 (1911), p. 19; 1911 (1913), p. 23; 1912 
(1914), p. 57; 1913 (1914), p. 31-32; 1915 (1917), p. 35; 1918 (1920), p. 28; 1919 
(1921),.p.:29; , ‘ 

RESUME OF INVESTIGATIONS. 


Smith, Hugh McCormick: [Investigation for 1898-1903.] Report, 1899 boody 
p. CXLII-CXLIII; 1900 (1901), p. 125-126; 1901 (1902), p. 131-132; 1902 (19043, 
p. 138; 1903 (1905), p. 99-100; 1904 (1905), p. 118-120. 

U. S. Commissioner of Fisheries: [Report of investigation for 1906.] Report, 
1907 (1909), p. 12-13. 

[Report of investigations for 1913.] Report, 1914 (1915), p. 68-69. 

——— [Service of the Beaufort laboratory.] Report, 1916 (1917), p. 46-47. 


FAIRPORT, IOWA. 


HISTORY. 


Coker, Robert Ervin: The Fairport fisheries biological station: its equipment, 
organization, and functions. Bulletin, 1914 (1916), vol. XXXIV, p. 383-405, 
illus., pl. LXXVI-LXXXI. Doc.826issued July7, 1916. F16-131 

The Fisheries biological station at Fairport, Iowa. Appendix I, Report, 
1920 (192-). Doc. 895 issued 1921. 

U.S. Commissioner of Fisheries: [Fisheries laboratory at Fairport.] Report, 1914 
(1915), p. 69-70; 1915 (1917), p. 33-34. 

[Service of Fairport laboratory.] Report, 1916 (1917), p. 47-48. 

[Destruction by fire.] Report, 1918 (1920), p. 28. : 

Wilson, Charles Branch: [Description of ponds at Fairport.] Bulletin, 1917-18 
(1921), vol. XXXVI, p. 186-188. 
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BRIEF MENTION OF WORK. 

U. S. Commissioner of Fisheries: Report, 1911 (1913), p. 20; 1912 (1914), p. 57; 
1913 (1914), p. 32; 1916 (1917), p. 47-48; 1917 (1919), p. 87; 1918 (1920), p. 28; 
1919 (1921), p. 28. 

KEY WEST, FLA. 
HISTORY. 
U. S. Commissioner of Fisheries: [Acquisition of land and plans for laboratory.] 


Report, 1916 (1917), p. 47. 
[Construction started.] Report, 1917 (1919), p. 87. 


BRIEF MENTION OF WORK. 
U. S. Commissioner of Fisheries: Report, 1918 (1920), p. 28; 1919 (1921), p. 28. 
WOODS HOLE, MASS. 
HISTORY. 


Baird, Spencer Fullerton: The Woods Hole station. - (Records, inception, rise, 
progress, and current condition.) Report, 1882 (1884), p. XXXVIII-XLI; 1883 
(1885), p. LIII-LVI; 1884 (1886), p. XXXVII-XXXIX; 1885 (1887), p. 
XLIX-LI. 

Kidder, Jerome Henry: Report upon the water supply of the Fish commission 
station at Wood’s Holl, Massachusetts. Report, 1884 (1886), p. ae illus., 

1. "17-124 

iecaniot William de Chastignier: [Installation of aquarium.] Report, 1895 (1896), 

18. 

U. g. Bureau of Fisheries: The Bureau of fishertes and its station at Woods Hole, 
Mass. 1915. 11 p., illus. [Occasional papers.] F15-77 

U. S. Commissioner of Fisheries: Selection of Woods Hole. Report, 1875-1876 
(1878), p. 4*. 

Memoranda for the construction of a harbor of refuge at Woods Hole, Mass. 

(Circular typewritten and lithographed). 6 p. Doc. 44 issued Apr. 28, 1882. 

[Appropriation by Congress.] Report, 1882 (1884), p. XLI. 

[Purchase of land by private subscription; also donation of shore line.] Report, 

1883 (1885), p. LIV. 

[Service of Woods Hole laboratory.] Report, 1916 (1917), p. 45-46. 


BRIEF MENTION OF WORK. 


U. S. Commissioner of Fisheries: Report, 1885 (1887), p. 11; 1887 (1891), p. 16; 
1896 (1898), p. 3; 1898 (1899), p. XVI; 1901 (1902), p. 10; 1906 (1908), p. 15; 
1908 (1910), p. 11; 1909 (1911), p. 16; 1910 (1911), p. 19; 1911 (1913), p. 23; 1912 
(1914), p. 58; 1913 (1914), p. 31; 1917 (1919), p. 86; 1918 (1920), p. 28; 1919 (1921), 
p. 28. 


RESUME OF INVESTIGATIONS. 


Evermann, Barton Warren: [Report of investigations for 1903.] Report, 1904 (1905), 
p. 93-98. 

Rathbun, Richard: [Report of investigations for 1887 to 1895.] Report, 1888-89 (1892), 
p. XLI-CVII; 1889-1891 (1893), p. 151-167; 1892 (1894), p. CLX-CX; 1893 (1895), 
p. 36-38; 1894 (1896), p. 96-99; 1895 (1896), p. 89-92; 1896 (1898), p. 116-118. 

Ryder, John Adam: Report of operations at the laboratory of the U. 8. Fish com- 
mission, Woods Hole, Mass., during the summer of 1888. Report, 1888-89 (1892), 
p. 513-522. Doc. 181 issued June 80, 1892. F12-223 

Smith, Hugh McCormick: [Report of investigations for 1897 to 1903.] Report, 
1897 (1898), p. CXX-CXXI; 1898 (1899), p. CXLIII-CXLV; 1899 (1900), p. 
122-124; 1900 (1901), p. 122-124; 1901 (1902), p. 127-130; 1902 (1904), p. 136; 1903 
(1905), p. 93-98. 

U. S. Commissioner of Fisheries: [Report of investigations.] Report, 1905 (1907), 
p. 26-21; 1907 (1909), p. 12; 1914 (1915), p. 67-68; 1915 (1917), p. 34; 1916 (1917), 
p. 46. 
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Part 2..—VOYAGES AND INVESTIGATIONS. 
VESSELS, DESCRIPTION OF. 
ALBAEROBE. 


Baird, oo Washington: Report on the working of the boilers and engine 
of the U. 8. Fish commission steamer Albatross. Bulletin, 1884 (1884), vol. IV, 
p. 145-151. F18-256 
Annual report on the electric lighting of the United States steamer Albatross, 
December 31, 1883. Bulletin, 1884 (1884), vol. IV, p. 158-158, illus. Doc. 78 
issued June 25, 1884. F13-90 
Tanner, Zera Luther: Report on the work of the United States Fish commission 
steamer Fish Hawk for the year pudre December 31, 1882, and on the construc- 
tion of the steamer Albatross. ead ge 1882 (1884), 32 p. ¥F 11-270 
Report on the construction and outfit of the United States Fish commission 
steamer Albatross. Report, 1883 (1885), p. 3-116, LV pl. Doc. 107 issued 
Sept. 7, 1886. F11-295 
Deep- sea exploration: a general description of the steamer Albatross, her 
appliances and methods. Bulletin, 1896 (1897), vol. XVI, p. 257-428, illus., 
LX pl. Doc. 330 issued June 24, 1897. F12-112 
U. S. Bureau of Fisheries: Specifications for building the new boilers, etc., for the 
steamer Albatross. 25 p. Doc. 109 issued 1886. 
U. S. Commissioner of Fisheries: [Proposed steamer Albatross.] Report, 1881 
(1884), p. XXITI-XXIV. 
[Repairs to Albatross.] Report, 1899 (1900), p. XXVIT. 


BLUE LIGHT. 


U. S. Commissioner bs Fisheries: [Detail by Secretary of Navy of Blue x lit ] 
Report, 1877 (1879), p. 2*. 


CANVAS BACK. 


U. S. Bureau of Fisheries: Specifications for the paddle-wheel steam seine boat 
Canvas Back, for service in the river and bay fisheries. 12 p. Doc. 35 issued 
Feb. 18, 1882. F12-234 

U. S. Commissioner of Fisheries: [Canvas Back loaned to State of Virginia.] 
Report, 1893 (1895), p. 9. 


FISH HAWK. 


Tanner, Zera Luther: Report on the construction and work in 1880 of the Fish 
commission steamer Fish Hawk. Report, 1881 (1884), 53 p. incl. tables, XVIII pl: 
Doc. 70 issued May 1, 1884. F 12-234 

U. S. Commissioner of Fisheries: Specifications for building the screw-steamer 
Fish Hawk. (U. 8S. Lighthouse establishment.) 46 p. Doc. 24 issued July, 
1879. F12-235 

[Construction of the Fish Hawik.] Report, 1879 (1882), p. XVIII. 

[Description of the Fish Hawk.] Report, 1880 (1883), p. X XVI. 


GRAMPUS. 


Baird, oe Fullerton: [Description of the Grampus.] Report, 1885 (1887), 
. XXIV-XXXII. 

Collins, Joseph William: Report on the construction and equipment of the schooner 
Grampus. Report, 1887 (1891), p. 437-490, XVIII pl. Doc. 171 issued Aug. 24, 
1891. F 11-333 

Libbey, William: [Description of the Grampus.] Bulletin, 1889 (1891), vol. IX, 
p. 393-394, 
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SPEEDWELL. 
U.S. Commissioner of Fisheries: [Detail of the Speedwell.] Report, 1877 (1879), 
p. 2* -3*. 


SCIENTIFIC APPARATUS AND INSTRUMENTS. 


Beardslee, Lester Anthony: [ixperiments upon the time of exposure required 
for accurate observations on the Casella-Miller deep-sea thermometer. Report, 


1877 (1879), p. 887-900. F16-125 
Casella, Louis P.: Treatment of the Casella-Miller thermometer. Bulletin, 1884 
(1884), vol. IV, p. 415. F 18-351 


Kidder, Jerome H:: Report on the thermometers of the U. S. Commission of fish 
and fisheries. Report, 1885 (1887), p. 185-214, illus. Doc. 116 issued esl 1887. 
11-300 
Libbey, William: [Appliances used in the work of a physical investigation of the 
waters off the southern coast of New England.] Bulletin, 1889 (1891), vol. TX, 
394-398. 
elie Richard: Descriptive catalogue of the collection illustrating the scien- 
tific investigation of the sea and fresh waters. (Great International fisheries 
exhibition. London, 1883.) 109 p. Doc. 69 issued Apr. 19, 1884. F12-296 
Tanner, Zera Luther: [Apparatus for deep-sea research, on the U. S. Fish com- 
mission steamer Albatross.] Report, 1883 (1885), p. 53-102. 
——— [Appliances and apparatus on the U. 8. Fish commission steamer Albatross.] 
Report, 1886 (1889), p. 636-644. 
On the appliances ior collecting pelagic organisms, with special reference to 
those employed by the U.S. Fish commission. Bulletin, 1894 (1895), vol. XIV, 


p. 148-15], pl. 9-12. Doc. 289 issued Nov. 22, 1894. F12-176 
[Descripti on of Sigsbee’s gravitating trap.] Bulletin, 1894 (1895), vol. XIV, 
p. 145-146. 


—— [Description of the Chun-Peterson tow net.] Bulletin, 1894 (1895), vol. XIV, p. 
146-147. 
—— [Description of the Tanner Derma tow net.] Bulletin, 1894 (1895), vol. 
XIV, p. 147-151. 
Deep- -sea explorations: a general description of the steamer Albatross, and her 
spphances and methods. Bulletin, 1896 (1897), vol. XVI, p. 257-428, illus., 
Doc. 330 rssued June 24, 1897. F12-112 
woamachd: Charles Haskins: Description of a closing tow net for submarine use at 
all depths. Report, 1894 (1896), p. 279-282. Doc. 322 issued Nov. 28, eg 
11-188 
Verrill, Addison Emory: Description of some of the apparatus used by the United 
States Commission of fish and fisheries in dredging off the New England coast. 
* Report, 1880 (1883), p. 65-74, 4 pl. F16-303 


INVESTIGATIONS AND RESULTS. 


Karsten, Gustav: On the scientific investigation of the Baltic Sea and the German 
Ocean. Report, 1878 (1880), p. 283-294, F 16-162 

Martens, J. B.: [First investigation of the depths of the ocean.] Bulletin, 1882 
(1883), vol. II, p. 260-262. 

[The Challenger scientific voyage around the world.] Bulletin, 1882 (1883), 
vol. II, p. 262-264. 

Prussia. Kommission zur wissenschaftlichen Untersuchung der Deutschen 
Meere in Kiel: Popular extracts from the investigations of the commission for 
the scientific examination of the German seas. [By H. A. Meyer, K. Mébius, G. 
Karsten, V. Hensen.] Report, 1879 (1882), p. 525-548. Doc. 40 issued Apr. 8, 


1882. F1l-214 

Sars, George Ossian: Report on the Norwegian deep-sea expedition of 1878. Re- 

port, 1878 (1880), p. 257-281. F16-161 
ALBATROSS. 


Alexander, Alvin Burton: Notes on the boats, apparatus, and fishing methods 
employed by the natives of the South Sea islands, and results of fishing trials by 
the Albatross. Report, 1901 (1902), p. 741-829, pl. 30-37. Doc. 509 issued Oct. 
29, 1902. Fl1-31 

Alexander, Alvin Burton, and H. B. Joyce: Preliminary examination of halibut 
grounds of the Pacific coast. With introductory notes on the halibut fishery. 
Report and special papers, 1911 (1913), 56 p. Doc. 763 issued July sie 1912. 

12-203 


ANALYTICAL SUBJECT BIBLIOGRAPHY. 15 


Collins, Joseph William: The Albatross work useful to fishermen. Bulletin, 1885 
(1885), vol. V, p. 466. 

Report on the discovery and investigation of the fishing-grounds made by the 

Fish commission steamer Albatross during a cruise along the Atlantic coast and 

in the Gulf of Mexico, with notes on the Gulf fisheries. Report, 1885 (1887), p. 


217-311, X pl. Doc. 119 issued Nov. 8, 1887. F 11-298 
Notes on an investigation of the great fishing banks of the western Atlantic. 
Bulletin, 1886 (1887), vol. VI, p. 369-381. F18-614 


Drake, Franklin Jeremiah: Report upon the investigations of the U. 8. Fish com- 
mission steamer Albatross for the year ending June 30, 1895 (Abstract). Report 
1895 (1896), p. 125-168, incl. tables. Doc. 332 issued Jan. 6, 1897. F11-195 

Fewkes, Jesse Walter: Report on the Medusv collected by the U. 8. Fish com- 
mission steamer A/batross in the region of the Gulf Stream in 1883-84. Report, 
1884 (1886), p. 927-980. Doc. 118 issucd Dec. 1, 1886. F11-260 

Report on the Medusz collected by the U.S. Fish commission steamer A/ba- 
tross in the region of the Gulf Stream, in 1885-86. Report, 1886 (1889), p. 513-536. 
Doc. 129 issued May 24, 1889. F11-256 

Gilbert, Charles Henry: The ichthyological collections of the U. 8. Fish commis- 
sion steamer Albatross during the years 1890 and 1891. Report, 1893 (1895), 
p. 393-476, pl. 20-35. Doc. 826 issued Dec. 8, 1896. F16-222 

Report on fishes obtained by the steamer Albatross in the vicinity of Santa 
Catalina Island and Monterey Bay Report, 1898 (1899), p. 23-29, 2 pl. Doce. 
400 issued Mar. 22, 1899. FiJ-112 

Johnston, Edward C.: Survey of the fishing grounds on the coast of Washington and 
Oregon. Appendix VI, Report, 1915 (1917), 20 p., 4 charts(part fold.). Doc. 835 
issued Nov. 9, 1916. F16-332 

Jordon, David Starr: The aquatic resources of the Hawaiian Islands. Contents. — 
Pt. 1. The shore-fishes of the Hawaiian Islands, with a general account of the fish 
fauna, by D. 8. Jordan and B. W. Evermann. Pt. 2. The deep-sea fishes, by 
C. H. Gilbert. The commercial fishes, by J. N. Cobb. Pt. 3. Miscellaneous 
papers: Birds of Laysan and the Leeward Islands, Hawaiian group, by W. K. 
Fisher. Notes on a porpoise of the genus Prodeiphinus from the Hawaiian 
Islands, by F. W. True. Isopods collected at the Hawaiian Islands, by Harriet 
Richardson. The Brachyura and Macrura of the Hawaiian Islands, by Mary J. 
Rathbun. Hydroids of the Hawaiian Islands, by C. C. Nutting. Schizopods of 
the Hawaiian Islands, by A. E. Ortmann. Nemerteans of the Hawaiian Islands, 
by W. R. Coe. The starfishes of the Hawaiian Islands, by W. K. Fisher. Me- 
dus of the Hawaiian Islands, by A. G. Mayer. Polychaetous annelids of the 
Hawaiian Islands, by A. L. Treadwell. General Index. (Collections made by 
the U. 8. Fish commission’s steamer Albatross in 1902, under the direction of 
David Starr Jordan and Barton Warren Evermann.) Bulletin 1903 (1905-06), vol. 
XXIII, 3 parts, illus.. plates (partly col.) fold. map. 5-35162 

Jordan, David Starr, and Edwin Chapin Starks: List of fishes dredged by the 
steamer Albatross off the coast of Japan in the summer of 1900, with descriptions 
of new species and a review of the Japanese Macrouride, Bulletin, 1902 (1904), 


vol. XXII, p. 577-630, illus., 8 pl. Doe. 551 issued Aug. 13, 1904. F12-51 
Moore, Henry Frank: [The Albatross South Sea expedition.] Report, 1900 (1901), 
p. 137-161. 


Moser, Jefferson F.: The salmon and salmon fisheries of Alaska. Report of the 
operations of the U. S. Fish commission steamer Albatross for the year ending June 
30, 1898. Bulletin, 1898 (1899), vol. XVIII, p. 1-178, illus., fold. charts, 63 pl. 
Doe. 408 issued July 27, 1899. F12-94 
The salmon and salmon fisheries of Alaska. Report of the Alaskan salmon 
investigations of the U. S. Fish commission steamer Albatross in 1900 and 1901. 
Bulletin, 1901 (1902), vol. X XI, p. 173-398, 399*401*, illus., fold. tables and 


charts, XLIV pls. Doc. 510 issued Oct. 81, 1902. F 12-278 
Nye, Willard: Notes taken during the cruise of the Albatross to the Grand Banks on 
June and July, 1885. Bulletin, 1885 (1885), vol. V, p. 336. F 18-470 


Rathbun, Richard: Summary of the fishery investigations conducted in the north 
Pacific Ocean and Bering Sea from July 1, 1888, to July 1, 1892, by the U. S. 
Fish commission steamer Albatross. (List of charts and other publications bear- 
ing upon the fishery investigations of the steamer Albatross, p. 198-201.) Bulle- 
tin, 1892 (1894), vol. XIII, p. 127-201, pl. LI-LV. Doc. 228 issued rapt eps 

112-16 

Schmidt, Waldo L.; E. C. Johnston; E. P. Rankin; and Edward Driscoll: 
Survey of the fishing grounds on the coast of Washington and Oregon in 1914. 
Appendix VII, Report, 1914 (1915), 30 p., pl., fold. tab., 2 fold. charts. Doc. 817 
issued June 8, 1915. F15-86 
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Smith, Sidney Irving: Report on the decapod crustacea of the Albatross dredgings 
off the east coast of the United States in 1883. Report, 1882 (1884), p. 345-426, 
X pl. Doc. 78 issued Aug. 15, 1884. Fl1-271 
Report on the decapod crustacea of the Albatross dredgings off the east coast 
of the United States during the summer and autumn of 1884. Report, 1885 (1887), 
10lp., XX pl. Doc. 105 issued Sept. 1, 1886. F11-250 
Tanner, Zera Luther: Explorations of the fishing grounds of Alaska, Washington 
Territory, and Oregon, during 1888, by the U. S. Fish commission steamer 
Albatross. Bulletin, 1888 (1890), vol. VIII, p. 1-95 incl. tables, XII pl. (partly 
fold.). Doc. 135 issued 1889. F11-292 
The fishing grounds of Bristol Bay, Alaska: a preliminary report upon the 
investigations of the U. S. Fish commission steamer A/batross, during the summer 
of 1890. Bulletin, 1889 (1891), vol. IX, p. 279-288, pl. CVIII-CX (fold.). 
Doc. 161 issued June 16, 1891. F 12-149 | 
Verrill, Addison Emory: Notice of the remarkable marine fauna occupying the . 
outer banks off the southern coast of New England, and of some additions to the 
fauna of Vineyard Sound. Report, 1882 (1884), p. 641-669. Doc. 83 issued 
Aug. 15, 1884. F11-267 
Results of the explorations made by the steamer Albatross off the northern 
coast of the United States in 1883. Report, 1883 (1885), p. 503-699, XLIV pl. 
Doc. 99 issued Aug. 16, 1886. F1i-243 
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RESUME OF WORK. 


Baird, Spencer F.: [Albatross put in commission Nov. 11, 1882.] Report, 1882 
(1884), p. XXV-XXVII. 

[First year’s work of the Albatross.]| Report, 1883 (1885), p. XXVIII. 

Work of the Albatross.] Report, 1884 (1886), p. XVIII-XX; 1885 (1887), p. 
XXVI-XXVIIT; 1886 (1889), p. XLV-XLVI. 

McDonald, Marshall: [Work of the Albatross.] Report, 1887 (1891), p. LII-LIV; 
1888-89 (1892), p. XI-XII; 1889-91 (1893), p. 2-4. 

Rathbun, Richard: [Investigations of the Albatross.] Report, 1888-89 (1892), 
p. XLVII-LV; 1889-91 (1893), p. 97-109; 1892 (1894), p. XCt-CIII. 


1 
; 
[Operations of the steamer A/batross on the north Pacific Ocean and Bering . 
Sea.] Report, 1893 (1895), p. 18-19; 1894 (1896), p. 82-87; 1895 (1896), p. 75-77; 
1896 (1898), p. 96-101. 
aa aim M.: [Operations of the Albatross.| Report, 1897 (1898), p. CXVII- 
XVIII. ; 
U. S. Commissioner of Fisheries: [Investigations of the Albatross.] Report, 1898 
(1899), p. XVILI-X XIV; 1899 (1900), p. 21-22; 1900 (1901), p. 21-22; 1901 (1902), 
p. 13; 1902 (1904), p. 16-17; 1903 (1905), p. 19-20; 1904 (1905), p. 17-18; 1905 
(1907), p. 37; 1906 (1908), p. 19-20; 1907 (1909), p. 17; 1908 (1910), p. 11; 1910, 
(1911), p. 34; 1911 (1913), p. 63; 1912 (1914), p. 65; 1913 (1914), p.30; 1914 (1915) 
p. 63; 1915 (1917), p. 31; 1916 (1917), p. 39; 1917 (1919), p. 102. 
: 
: 


BACHE. 


Bigelow, Henry Bryant: Explorations of the United States Coast and geodetic 
survey steamer Bache in the western Atlantic, January to March, 1914, under the 
direction of the United States Bureau of fisheries, Oceanography. (Bibliography: 
p. 60-62.) Appendix V, Report, 1915 (1917), 62 p. incl. tables, illus., fold. chart. 
Doe. 833 issued May 9, 1917. F17-189 

Packard, Alpheus Spring: Preliminary report on a series of dredgings made on the 
U. S. Coast survey steamer Bache, in the Gulf of Maine, under the direction 
of Prof. 8. F. Baird, U. S. Fish commissioner, during September, 1873. Report 
1873-74 and 1874-75 (1876), p. 687-690. F16-33 


FISH HAWK. 


Battle, John D.: An investigation of the coast waters of South Carolina, with refer- 
ence to oyster culture. Bulletin, 1890 (1892), vol. X, p. 303-330, pl. LIV-LX. 
Doc. 199 issued Nov. 2, 1892. F12-118 

Bush, Katharine Jeanette: List of deep-water Mollusca dredged by the U. 8. 
Tish commission steamer Fish Hawk in 1880, 1881, and 1882, with their range in 
depth. Report, 1883 (1885), p. 701-727. Doc. 100 issued Aug. 16, sid a 
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Collins, Joseph William: Report of a trip of exploration in the Chesapeake Bay, 
made in the spring of 1882 by the steamer Fish Hawk. Report, 1882 (1884) 
p. 1035-1038. F16-312 

Grave, Caswell: Investigations for the promotion of the oyster industry of North 
Carolina. (Contents.—Investigations for the promotion of the oyster industry 
of North Carolina, by C. Grave. Anatomy, embryology, and growth of the 
oyster, by H. F. Moore. Observations and experiments on the growth of oysters, 
by O. C. Glaser.) Report 1903 (1904), p. 247-341, XI pl., fold. map. Doc. 556 
issued Feb. 2, 1905. F11-12 

Howe, Freeland: Report of a dredging expedition off the southern coast of New 
England, September, 1899. Bulletin, 1899 (1901), vol. XIX, p. 237-240. Doe. 
444 issued Sept. 12, 1900. F12-85 

Lee, Leslie A.: On the work of the Fish Hawk and of the U. 8. Fish commission 
during the year 1881. Report, 1881 (1884), p. LVIII-LXIII. 

Moore, Henry Frank: Report on the oyster-beds of Louisiana. Report, 1898 
(1899), p. 45-100, pl. 3. Doe. 402 issued Mar. 22, 1899. F11-114 

Condition and extent of the natural oyster beds and barren bottoms of Missis- 
sippi east of Biloxi. Report and special papers, 1911 (1913), 42 p., VI pl., fold. 
map. Doc. 774 issued May 16, 1913. F 12-72 

Moore, Henry Frank, and Ernest Danglade: Condition and extent of the natural 
oyster beds and barren bottoms of Lavaca Bay, Texas. Appendix II, Report, 
1914 (1915), 45 p., V pl., fold. chart. Doc. 809 issued Feb. 13, 1915 F15-15 

Piepmeyer, L. W.: Report on the work of the U. S. Fish commission steamer Fish 
Hawk, for the year ending December 31, 1885. Report, 1885 (1887), p. 91-101. 

F 17-142 

Smith, James A.: Report of operations of the U. S. Fish commission steamer Fish 
Hawk for the year ending December 31, 1886. Report, 1886 (1889), p. 693-697. — 

——-~- Report on the shad work of the steamer Fish Hawk during the season of 1886. 
Report, 1886 (1889), p. 819-823. ; 

Swift, Franklin: Report of a survey of the oyster regions of St. Vincent Sound, 
Apalachicola Bay, and St. George Sound, Florida. Report, 1896 (1898), p. 187— 
221, pl. 22. Doc. 343 issued 1897. Fri-i7s 

Tanner, Zera Luther: A report of the work of the United States Fish commission 
steamer Fish Hawk, for the year ending December 31, 1881, Report, 1881 (1884) 
p. 55-85, incl. tables., illus. 

— Report of the work of the U. 8. Fish commission steamer Fish Hawk for the 

ear ending December 31, 1882, and on the construction of the steamer Albatross. 
eport, 1882 (1884), p. 3-34, pls. I-III. Doc. 79 issued Aug. 15, 1884. 


F 11-270 
Report of an exploring trip of the steamer Fish Hawk, in Chesapeake Bay in 
the early spring of 1882. Bulletin, 1882 (1883), vol. II, p. 133-135. F12-351 


U. S. Bureau of Fisheries: Dredging stations of the U. 8. Fish commission 
steamer Fih Hawk, Lieut. Z. L. Tanner commanding, for 1880, 1881, and 1882, 
with temperature and other observations. Arranged for publication by Richard 
Rathbun. Bulletin, 1882 (1883), vol. IJ, p. 119-131 incl. tables. F 12-385 

Report of the operations of the U. 8. Fish commission steamer ish Hawk, 

in shad hatching, during the seasons of 1885, 1886, 1887. Bulletin, 1885 (1885), 

vol. V, p. 395-400; 1886 (1886), vol. VI, p. 289-293; 1887 (1887), vol. VII, 

p. 83-89. : F18-594 

Investigations of the aquatic resources and fisheries of Porto Rico by the U.S. 
Fish commission steamer Fish Hawk in 1899. (Contents—General report, by 
B. W.Evermann. The fisheries and fish trade of Porto Rico, by W. A. Wilcox. 
The fishes of Porto Rico, by B. W. Evermann and M. C. Marsh.) Bulletin, 1900 
(1902), vol. XX, 350 p., 52 pl. (incl. 3 fold. maps). Doc. 451 issued Dec. 15,1900. 

5-4161 

—— A biological survey of the waters of Woods Hole and vicinity. Part I, Sec. I.— 
Physiological and zoological, by Francis B. Sumner, Raymond C. Osburn, and 
Leon J. Cole. (Bibliography: p. 193-200.) Sec. I1.—Botanical, by Bradley M. 
Davis. (Literature cited: p. 497.) Part II, Sec. IIJ.—A catalogue of the marine 
fauna, by Francis B. Sumner, Raymond C. Osburn, and Leon J. Cole. (Bibliog- 
raphy for faunal catalogue: p. 782-794.) Sec. IV.—A catalogue of the marine 
flora, by Bradley M. Davis. (Bibliography for floral catalogue: p. 832-833.) 
Bulletin, 1911 (1913), vol. XX XI, 860 p. incl. charts and tables. F13-184 
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Verrill, Addison Emory: Physical characters of the portion of the continental border . 
beneath the Gulf Stream, explored by the Fish Hawk, 1880 to 1882. Report, 
1882 (1884), p. 1045-1058, Vpl. Doc. 84 issued Aug. 15, 1884. F11-266 

Wilcox, William A.: Notes on the foreign fishery trade and loca! fisheries of Porto 
Rico. Report, 1899 (1900), p. 1-84 incl. tables, illus., 6 pl. Doc. 418 issued 
Oct. 4, 1899. _ F11-104 

Wood, William Maxwell: Report of a trip made by the Fish Hawk to the lower part 
of Chesapeake Bay, to ascertain the character of the fisheries for shad, herring, 
etc., in the spring of 1884. Bulletin, 1884 (1884), vol. IV, p. 199-200 F18-281 

Report of a trip by the steamer Fish Hawk to the St. Mary’s and St. John’s 

rivers to hatch shad. Bulletin, 1884 (1884), vol. IV, p. 241-242. F18-297 

Reconnaissance of the shad fisheries of Winyaw Bay and its tributaries, by the 

steamer Fish Hawk. Bulletin, 1884 (1884), vol. IV, p. 242-243. 18-298 

Report of operations at St. Jerome station in laying out oyster ponds by the 

steamer Fish Hawk. Report, 1883 (1885), p. 1153-1156, tables. F 17-42 

Report on the work of the U.S. Fish commission steamer Fish Hawk, for two 

years ending December 31, 1884. Report, 1884 (1886), p. 117-122. 
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Baird, Spencer F.: [Work of the Fi:h Hawk.| Report, 1881 (1884), p. XI-XLIT; 
1882 (1884), p. XXVII-XXVITI; 1883 (1885), p. XXXI-X XXIII; 1884 (1886), 
p. XX; 1885 (1887), p. XXVIII; 1886 (1889), p. XLVI. 

McDonald, Marshall: [Work of the Fish Hawk.] Report, 1887 (1891), p. LIV; 
1888-89 (1892), p. XII-XIII; 1889-91 (1893), p. 4-5. 

_ Rathbun, Richard: [Investigation of the Fish Hawk during 1889 and 1890.] Report, 

1889-92 (1893), p. 110-115. 

[Work of the Fish Hawk.] Report, 1892 (1894), p. CITI-CVI; 1893 (1895), 
p. 22-23; 1894 (1896), p. 91-92; 1896 (1898), p. 105-109. 

U. S. Commissioner of Fisheries: [Work of the Fi:h Hawk.| Report, 1898 (1899), 
p. XXIV; 1899 (1900), p. XXV—XXVIT; 1900 (1901), p. 22; 1901 (1902), p. 13-14; 
1902 (1904), p. 17; 1903 (1905), p. 20-21; 1904 (1905), p. 18; 1905 (1907), p. 37; 
1906 (1908), p. 20; 1907 (1909), p. 18; 1908 (1910), p. 11; 1909 (1911), p. 47; 1911 
(1913), p. 62; 1912 (1914), p. 65-66; 1914 (1915), p. 63; 1915 (1917), p. 31; 1916- 
(1917), p. 40; 1917 (1919), p. 102. 


GRAMPUS. \ 


Adams, A. C., and William Converse Kendall: Report upon an investigation of 
the fishing grounds off the coast of Florida. Bulletin, 1889 (1891), vol. IX, p. 
289-312, If, illus., pl. CXI (fold.). Doc. 162 issued July 24, 1891. F12-150 

Baird, Spencer F.: [Grampus goes into commission June 5, 1886.] Report, 1886 
(1889), p. XIX-XX. 

Collins, D. E.; T. H. Bean; and Richard Rathbun: Results of investigations 
by the schooner Grampus on the southern mackerel grounds in the spring of 1887. 
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tion, etc. Notes on the edible frogs of the United States and their artificial 

propagation, by F. M. Chamberlain. Oysters and methods of oyster-culture, by 

H. F. Moore. Notes on clam-culture.) Report, 1897 (1898), 340 p., illus., pl. . 

1-62,I-XVIII. Doc. 345 issued Nov. 1, 1897. F11-119 
U.S. Bureau of Fisheries: A manual of fish-culture, based on the methods of the 

U. 8. Commission of fish and fisheries, with chapters on the cultivation of | 

oysters and frogs. Revised edition, 340 p., illus:, pl. 1-64, I-X VIII. [Addi- : 

tions—The eraylings, by J. A. Henshall. ‘The pike perch or wall-eyed pike, by | 

dete Stranahan.| Doc. 345 issued Oct. 17, 1900. F11-119 | 
U. S. Commissioner of: Fisheries: (Propagation and distribution of food fishes.) 

Report, 1872 and 1873 (1874), p. XVI-X XXI; 1873-1875 (1876), p. XV-XLVI; 

1875-76 (1878), p. 8-50; 1877 (1879), p. 18-48; 1878 (1880), p. XXV-XLV; 1879 | 

(1882), p. XX VII-LI; 1880 (1883), p -XXVILXXXVI; 1881 (1884), p. XLIL-LVI; 

1882 (igss), p. LV-LXXXIV; 1888 (1885), p. LX XI-XCT; 1884 (1886), p. XLVI- 

LXVI; 1885 (1887), p. LX XII-CIV; 1886 (1889), p. XXVII-XLIV; 1887 (1891), 

p. XIII-LII; 1888-89 (1892), p. XVITI-XX XVII; 1889-1891 (1893), p. 10-60; 

1892 (1894), p. XIV-LXVILI; 1893 (1895), p. 14-16; 1894 (1896), p. 20-80. 


WORK OF BUREAU’S STATIONS. 
GENERAL. 


U. S. Commissioner of Fisheries: [Fish-cultural stations operated, 1913-1919.] 
Report, 1913 (1914), p. 7-10; 1914 (1915), p. 39-42; 1915 (1917), p. 7-10; 1916 
(1917), p. 8-11; 1917 (1919), p. 53-55; 1918 (1920), p. 10-11; 1919 (1921), p. 31-33. 


ALASKA. 
AFOGNAK. 


U. S. Commissioner of Fisheries: [Afognak Bay, River, and Lake, set aside by 
proclamation of December, Bunt for use of the U. S. Commission of fish and fisher- 
1es.] Report, 1893 (1895), p 

{Completion of station. | pee 1908 (1910), p. 16. 


LITNIK LAKE, 


U.S. Commissioner of Fisheries: [Site selected, materials and supplies purchased. ] 
Report, 1907 (1909), p. 9. 
QUADRA BAY. 


* U.S. Commissioner of Fisheries: [Establishment of field station at Quadra Bay.] 
Report, 1915 (1917), p. 14. 
YES BAY. 


U. S. Commissioner of Fisheries: [Recommendation for site.] Report, 1905 
(1907), p. 18-19. 

[Establishment of hatchery on Lake McDonald.] Report, 1906 (1908), p. 11. 

— [Completion of station.] Report, 1907 (1909), p. 9. 


ARKANSAS: MAMMOTH SPRINGS. 


U. S. Commissioner of Fisheries: [Selection of site.] Report, 1903 (1905), p. 12. 
[Purchase of site.] Report, 1904 (1905), p. 14. 


CALIFORNIA. 
BAIRD. 


Stone, Livingston: Account of operations at the McCloud River fish- breeding 
stations of the U. S. Fish commission, from 1872-1882, inclusive. Bulletin, 1882 
(1883), vol. II, p. 217-236. F12- 359 

History of operations at the fish-hatching stations on the McCloud River, Cali- 

fornia, from the beginning, August, 1872, to October, 1884. Bulletin, 1885 (1885), 

vol. V, p. 28-81. F 18-367 

Report of operations at the United States salmon-hatching establishment on 

the McCloud River, California. Report, 1872 and 1873 (1874), p. 168-215; 1873-74 
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and 1874-75.(1876), p. 437-478; 1875-76 (1878), p. 921-958, illus.; 1877 (1879), 
p. 797-810; 1878 (1880), p. 741-770; 1879 (1882), p. 695-708, 715-720; 1880 (1883), 
P 597-613, 615-621; 1881 (1884), p. 1063-1078, 1079-1083; 1882 (1884), p. 839-850, 
51-855; 1883 (1885), p. 989-1006; 1884 (1886), p."169, 171-176; 1885 (1887), p. 
131-140; 1886 (1889), p. 737-745. 

Stone, Livingston: Report of operations in California in 1873: Report, 1873-74 and 
1874-75 (1876), p. 377-429. F 16-2] 

U.S. Commissioner of Fisheries: [Operations at McCloud River.] Report, 1873-74 
and 1874-75 (1876), p. XXII-XXX; 1875-76 (1878), p. 24; 1877 (1879), p. 33-34; 
1880 Sa p. XXEX XXX; 1882 (1884), p. XXV, LXX-LXXIJ; 1883 (1885), 
p. XXIII, LXXXI-LXXXIII; 1884 (1886), p. XVI; 1885 (1887), p. XXIII; 
1886 (1889), p. XLI; 1887 (1891), p. XIX; 1888-89 (1892), p. XX XV; 1889-1891 
(1893), p. 49-50; 1892 (1894), p. LVII-LVIII; 1893 (1895), p. 117-118; 1894 
(1896), p. 49; 1895 (1896), p. 44-45; 1896 (1898), 66-67; 1897 (1898), p. LXVI- 
LXVII; 1898 (1899), p. XCIII; 1899 (1900), p. XCVI-XCVIII, pl. XXIT; 1900 
(1901), p. 85-90; 1901 (1902), p. 74-77. 

z [Act of March 2, 1889, appropriates funds for quarters.] Report, 1889-1891 

(1893), p. 49. 


BATTLE CREEK. 


U. S. Commissioner of Fisheries: [Establishment of station.] Report, 1897 (1898), 
p. LXVII-LXIX. 

[Act, 1898, authorizing permanent station.] Report, 1899 (1900), p. X XIX. 

[Operations at Battle Creek.] Report, 1898 (1899), p. XCX-—XCVIT; 1899 

(1900), p. XCVIII-C; 1900 (1901), p. 90-91; 1902 (1904), p. 77-78. 


CROOKS CREEK. 


U. S. Commissioner of Fisheries: [Establishment of Crooks Creek station.] Re- 
port, 1879 (1882), p. XX X-—XXXTI. 


[Operations at Crooks Creek station.] Report, 1880 (1883), p. XXX. 


FORT GASTON. 
. 


U. S. Commissioner of Fisheries: [Operations at Fort Gaston station.] Report, 
1889-91 (1893), p. 51-52; 1892 (1894), p. LVIII-LIX; 1893 (1895), p. 119-120; 
1894 (1896), p. 49-50; 1895 (1896), p. 46-47; 1896 (1898), p. 67-68; 1897 (1898), 
p. LXXIII; 1898 (1899), p. XCVII-XCVIII. 


KORBEL. 


U. S. Commissioner of Fisheries: [Operations at Korbel.] Report, 1894 (1896), 
p. 50; 1895 (1896), p. 47-48. 


MILL CREEK. - 


U. S. Commissioner of Fisheries: [Operations of station.] Report, 1902 (1904), p. 
74-75. : 


COLORADO: LEADVILLE. 


U. S. Commissioner of Fisheries: [Operations at Leadville.] Report, 1888-89 
(1892), p. XXXV; 1889-1891 (1893), p. 47-49; 1892 (1894), p. LV-LVII; 1893 
(1895), p. 114-117: 1894 (1896), p. 47-48; 1895 (1896), p. 42-44; 1896 (1898), p. 
62-65; 1897 (1898), p. LXIII-LXV; 1898 (1899), p. LXX XVIII-XC; 1899 (1900), 
p. LXXXIX-XCI} 1900 (1901), p. 79-81; 1901 (1902), p. 69-71; 1902 (1904), p. 

(as 


DISTRICT OF COLUMBIA. 
ARSENAL. 


U. S. Commissioner of Fisheries: [Use ofice pond for carp.] Report, 1878 (1880), 
p. XLII; 1879 (1882), p. XX XVII; 1880 (1883), p. XIX; 1881 (1884), p. XVII; 
1882 (1884), p. XXV; 1883 (1885), p. XXVI; 1884 (1886), p. XVII; 1885 (1887), 
p. XXV; 1886 (1889), p. XLIIT. ; 


CENTRAL STATION. 


Brown, J. E.: [Carp, goldfish, ides, and catfish handled at Central station.] Bulle- 
tin, 1884 (1884), vol. IV, p. 309. 
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McDonald, Marshall: Report of operations at Central station, United States Fish 
commission. Report, 1882 (1884), p. 879-890, illus., pls.; 1883 (1885), p. 1017- 
1034, incl. tables, diagr. F16-315 

U. S. Commissioner of Fisheries: [Brief mention.] Report, 1881 (1884), XVI- 
XVII; 1882 (1884), p. XXV; 1883 (1885), p. XXVI; 1884 (1886), p. XVII; 1885 
(1887), p. XXIV; 1887 (1891), p. XXVII-XXVIII; 1888-89 (1892), p. XX VI- 
XXVIII; 1889-1891 (1893), p. 33-35; 1892 (1894), p. XXXV-XXXVII; 1893 
(1895), p. 93-96; 1894 (1896), p. 31-33; 1895 (1896), p. 26-27; 1896 (1898), p. 39— 
40; 1897 (1898), p. XLVII-XLVIII; 1898 (1899), p. LXII-LXIII; 1899 (1900), 
p. LXII; 1900 (1901), p. 53; 1901 (1902), p. 46-47; 1902 (1904), p. 44-45. 


FISH PONDS. 


U. S. Commissioner of Fisheries: [Use of Monument lot authorized by Congress. ] 
Report, 1876-77 (1879), p. 43. 

——-— [Operations at Fish Ponds. ] Report, 1878 (1880), p. XL-XLI; 1879 (1882), p. 
XXXVI; 1880 (1883), p. XIX; 1881 (1884), p. L- LIL; 1882 (1884), p. XXV; 1883 
(1885), p. XXVI; 1884 (1886), p. LXII-LXIV; 1885 (1887). p. XXIV-XXV; 1886 
(1889), p. XX XVIII; 1887 (1891), p. XX VII; 1888-89 (1892), p. XXVIII; 1889- 
1891 (1893), p.35; 1892 (1894), p. XX XVII-XX XIX; 1893 (1895), p. 96-97; 1894 
(1896), p. 35-36; 1895 (1896), p. 24-25; 1896 (1898), p. 42-44; 1897 (1898), p. 
XLIX-LI; 1898 (1899), p. LXIV-LXXIT; 1899 (1900), p. LXIII-LXV; 1900 
(1901), p. 52-53; 1901 (1902), p. 45; 1902 (1904), p. 43. 


NAVY YARD. 


U. S. Bureau of Fisheries: [Propagation and distribution of shad (Alosa sapidis- 
sima) in the spring of 1880.] Report, 1880 (1883), p. 655-657. 

Wood, William Maxwell: Report of the operations of the Navy Yard shad-hatching 
station in Washington, D. C., during the season of 1882. Report, 1882 (1884), p. 
891-897, pls. ; F 16-321 

GEORGIA: COLD SPRING. 


U.S. Bureau of Fisheries: [Site donated.] Report, 1899 (1900), p. XXVIII- 
XXIX. 


ILLINOIS: QUINCY. 


U. S. Bureau of Fisheries: [Operations at Quincy.] Report, 1888-89 (1892), p. 
XXX-XXXI; 1889-1891 (1893), p. 44; 1892 (1894), p. XLIX-L; 1893 (1895), p. 
108-110; 1894 (1896), p. 45; 1895 (1896), p. 37-38; 1896 (1898), p. 57-59; 1897 
(1898), p. LVII; 1898 ig99}, p. LXXXV; 1899 (1900), p. LXXXIJ-LXXXIII; 
1900 (1901), p. 71; 1901 (1902), p. 62; 1902 (1904), p. 59. 


IOWA. 
MANCHESTER. 


U. S. Bureau of Fisheries: [Operations at Manchester.] Report, 1897 (1898), p 
LVII-LVIII; 1898 (1899), p. LX XXII-LXXXV; 1899 (1900), p. LXXXI1- 
LXXXV; 1900 (1901), p. 72-75; 1901 (1902), p. 62- 64; 1902 (1904), p. 60-62. 


NORTH M’GREGOR. 


U. S. Bureau of Fisheries: [Establishment of rescue station at North McGregor. ] 
Report, 1904 (1905), p. 39. 


KENTUCKY: LOUISVILLE. 


U. S. Commissioner of Fisheries: [Selection of site.] Report, 1912 (1914), p. 64. 
[Donation of site by State.] Report, 1913 (1914), p. 69. 


LOUISIANA: ATCHAFALAYA. : 
U. S. Commissioner of Fisheries: [Brief mention.] Report, 1918 (1920), p. 10. 
MAINE. 
Atkins, Charles G.: Memoranda relative to inclosures for the confinement of salmon, 


drawn from experience at Bucksport, Penobscot River, Maine. Bulletin, 1884 
(1884), vol. IV, p. 170-174. F13-92 
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BOOTHBAY HARBOR. 


U. S. Commissioner of Fisheries: [Selection of site.] Report, 1902 (1904), p. 16. 
——— — Work of the Bureau of fisheries and its fish-cultural station at Boothbay Harbor, 
Me. 1917. [Occasional papers. ] 17-186 


BUCKSPORT. 


U. S. Commissioner of Fisheries: [Operations at Bucksport.] Report, 1872-73 
(1874), p. XVITI-XIX; 1873-1875 (1876), p. XXX;~+1875-7 ast . 2B; 
1877 (1879), p. 36; 1878 (1880), p. X XIX; 1879 (1882), p. XX XI; 1880 (igss), 
p. XXXI; 1881 (1884), p. XLVII; 1882 (1884), p. XXIV; 1883 (1885). p. LXXX; 
1884 (1884), p. XVI; 1885 (1887), p. XXIII; 1886 (1889), p. XL; 1887 (1891), 
p. XVIII. 

CRAIG BROOK. 


Atkins, Charles G.: Sketch of the Penobscot salmon-breeding establishment. 


Bulletin, 1884 (1883), vol. II, p. 373-378. F12-374 
——— Report on the propagation of Penobscot salmon in 1886-87. Report, 1888-89 
(1892), p. 747-749. ‘ F20--161 


U. S. Commissioner of Fisheries: [Operations at Craig Brook.] Report, 1883 
(1885); p. 79-82; 1889-1891 (1893), p. 13-19; 1892 (1894), p. XVIII-XXT; 1893 
(1895), p. 79-82; 1894 (1896), p. 21-23; 1895 (1896), p. 12-15; 1896 (1898), p. 
17-21; 1897 (1898), p. XXI-XXV; 1898 (1899), p. XLII-XLIV; 1899 (1900), p. 
XLV-LI; 1900 (1901), p. 36-38; 1901 (1902), p. 29-31; 1902 (1904), p. 29-31. 

[Establishment of permanent station at Craig Brook.] Report, 1888-1889 
(1892), p. XXIL_XXIL. 


GRAND LAKE STREAM. 


Atkins, Charles G.: Report on the collection and distribution of schoodic salmon 
eggs. Report, 1877 (1879), p. 817-846, pl.; 1880 (1883), p. 633-665, incl. tables; 
1882 (1884), p. 863-871; 1884 (1886), p. 181-187; 1885 (1887), p. 145-156; 1886 
(1889), p. 751-759. 

Sketch of the schoodic salmon-breeding establishment. Bulletin, 1882 (1883), 

vol. II, p. 379-382. F12-375 

Report on the schoodic salmon work of 1884-1885. Bulletin, 1885 (1885), vol. 
V, p. 323-324. 

U.S. Ubiacaiantfiticy of Fisheries: [Operations at Grand Lakes Stream.] Report, 
1875-76 (1878), p. 25-26; 1876-77 (1879), p. 37-38; 1878 (1880), p. XX XII-XXXV: 
1879 (1882), p. XXXII-XXXIII; 1880 (1883), p. XX XI; 1881 (1884) p. XLVII- 
XLVIII; 1882 (1884), p. LXIX; 1883 (1885), p. LX XXI; 1884 (1886), p. LVI; 
1885 (1887), P LXXXVI-LXXXVII; 1886 (1889), p. XXXV; 1887 (1891), p. 
XVII-XVIIT. 1888-89 (1892), p. XXI-XXII; 1889-1891 (1893), p. 14-15; 1892 
(1894), p. XVII; 1893 (1895), p. 79. 


GREEN LAKE. 


Atkins, Charles G.: Report on the propagation of Penobscot salmon in 1879-80. 

Report, 1879 (1882), p. 721-731, incl. tables. 
ketch of the Hanopacot salmon-breeding establishment. Bulletin, 1882 

(1883), vol. II, p. 373-378. F 12-374 

Report on the propagation of Penobscot salmon in 1884-85. Report, 1884 
(1886), p. 177-179, tables. 

U. S. Commissioner of Fisheries: [Operations at Green Lake.] Report, 1889-1891 
(1893), p. 20-22; 1892 (1894), p. XXI-XXIT; 1893 (1895), p. 82-86; 1894 (1896), 
p. 24-26; 1895 (1896), p. 9-12; 1896 (1898), p. 14-16; 1897: (1898), p. XIX-XX: 
1898 (1899), p. XL-XLII; 1899 (1900), p. XLIII-XLV; 1900 (1901) p. 34-35; - 
1901 (1902), p. 28-29; 1902 (1904), p. 26-29. 
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MARYLAND. 
BRYANS POINT. 


U. S. Commissioner of Fisheries: [Selection of site.] Report, 1892 (1894), p. 
XXXI-XXXV. 

[Operations at Bryans Point.] Report, 1893 (1895), p. 92-93; 1894 (1896), 

p. 30-31; 1895 (1896), p. 28-29; 1897 (1898), p. XLIV—XLV; 1898 (1899), p. LXI- 

LXIT; 1899 (1900), p. LXII-LXIII; 1900 (1901), p. 51; 1901 (1902), p. 44; 1902 

(1904), p. 41-42. 


DRUID HILL PARK. 


U. S. Commissioner of Fisheries: [Use of Druid Hill Park.] Report, 1877 (1879), 
p. 42-43; 1878 (1880) p. XL; 1879 (1882), p. XX XVII; 1880 (1883), p. XIX. 


FORT WASHINGTON. 


Babcock, William C.: Report of shad operations conducted at Fort Washington, Md. 
Report, 1883 (1885), p. 1035-1042 incl. tables; 1884 (1886), p. 189-197 incl. tables, pl. 
F11-35 

McDonald, Marshall: Report of shad propagation on the Potomac River during 
the season of 1886. Report, 1886 (1889), p. 815-817. 

U. S. Commissioner of Fisheries: [Operations at Fort Washington.] Report, 1883 
(1885), p. XX VI; 1884 (1886), p. LVIII-LIX; 1885 (1887), p. LXXXIX; 1886 
(1889), p. XXXVI; 1887 (1891), p. XXV; 1888-89 (1892), p. XXVI; 1889-1891 
(1893), p. 32-33. 

HAVRE DE GRACE. 


Clark, Frank Nelson: Notes on experiments in penning shad and taking eggs at 
Battery station, Havre de Grace, Md., in 1883. Report, 1883 (1885), p. 1045-1050. 
F17-37 

Grabill, L. R.: Report of operations at the shad-hatching station on Battery Island, 


near Havre de Grace, Md., during the season of 1884. Report, 1884 (1886), p. 


807-814 incl. tables. F 17-36 
Hamlen, William: Report of operations at the Battery Island station, Havre de 
Grace, Md., during the season of 1884. Report, 1884 (1886), p. 199-208 incl. 
tables. 
Low, W. F.: Report of operations at the Havre de Grace, Md., shad-hatching 
station during the season of 1883. Report, 1883 (1885), p. 1043-1044 incl. tables, 
Ravenel, William de Chastignier: [Table of temperatures and densities at St. 
Jerome Station, Havre de Grace, Md., for the year 1886.] Report, 1886 (1889), 


p. 768-777. 
Taylor, Fred W.: Analysis of artesian-well water from the shad-hatching station 
at Havre de Grace, Md. Bulletin, 1883 (1883), vol. III, p. 348. F18-145, 


U. S. Commissioner of Fisheries: [Operations at Battery Island.] Report, 1878 
(1880), p. XXXVI; 1879 (1882), p. XXXV; 1880 (1883), p. XX XII-XXXIIT; 
1881 (1884), p. L; 1882 (1884), p. LX XIV-LXXVIT; 1883 (1885), p. LXXXIV- 
LXXXV; 1884 (1886), p. LVIII-LIX; 1885 (1887), p. XCI; 1886 (1889), p. LXII; 
1887 (1891), p. XXV-XXVI; 1888-89 (1892), p. XX V-XXVI; 1889-1891 (1893), 
p. 30-31; 1892 (1894), p. XXIX-XXX; 1893 (1895), p. 91; 1894 (1896), p. 29-30; 
1895 (1896), p. 22-24; 1896 (1898), p. 37-39; 1897 (1898), p. XLII-XLIV; 1898 
(1899), p. LIX-LXT; 1899 (1900), p. LX-LXIT; 1900 (1901), p. 49-51; 1901 (1902), 
p. 43; 1902 (1904), p. 40-41. 

—-— Report of shad-hatching operations at Battery station, Havre de Grace, Md., 
season ci 1885 and 1887. Bulletin, 1885 (1885), vol. V, p. 401-410; 1886 (1886), 
vol. VI, p. 361-868; 1887 (1887), vol. VII, p. 95-100 incl. tables. F 18-613 

—— [Closure of fish hatchery at Havre deGrace, Md.] Report, 1917 (1919), p. 76-78. 


NORTH EAST RIVER. 


U. S. Commissioner of Fisheries: [Operations.] Report, 1881 (1884), p. L; 1882 
(1884), p. LX XVI. 


MASSACHUSETTS. 
BERKSHIRE. 


U. S. Commissioner of Fisheries: [Donation to U.S. Bureau of fisheries of trout- 
hatching plant by Mrs. Mary A. Scully.] Report, 1917 (1919), p. 55. 
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GLOUCESTER. 


U. S. Commissioner of Fisheries: [Operations at Gloucester.] Report, 1878 
(1880), p. XLII-XLIV; 1879 (1882), p. XX XVII-X XVIII; 1887 (1891), p. XV- 
XVI; 1888-89 (1892), p. X XIII-XXIV; 1889-1891 (1893), p. 22-24; 1892 (1894), 

. XXII; 1893 (1895), p. 86-87; 1894 (1896), p. 26-27; 1895 (1896), p. 17-18; 1896 
1898), p. 24-26; 1897 (1898), p. XXX-XXXVIII; 1898 (1899), p. L-LII; 1899 
(1900), p. LXXX-LV; 1900 (1901), p. 45-47; 1901 (1902), p. 35-36; 1902 (1904), 
p. 37-38. 
WOODS HOLE. 


U. S. Commissioner of Fisheries: [Operations at Woods Hole.] Report, 1884 
(1886), p. XV; 1885 (1887), p. LX XVIII; 1886 (1889), p. XXXIX-XL; 1887 
(1891), p. XVI-XVII; 1888-89 (1892), p. XXIV-XXV; 1889-1891 (1893), p. 
24-28; 1892 (1894), p. XXIV-XXVII; 1893 (1895), p. 88-90; 1894 (1896), p. 27-29; 
1895 (1896), p. 18-22; 1896 (1898), p. 27-31; 1897 (1898), p. XXXVI-XXXVII; 
1898 (1899), p. LII-LXI; 1899 (1900), p. LVI-LVIIT; 1900 (1901), p. 45-47; 1901 
(1902), p. 36-38; 1902 (1904), p. 36-37. 

——— [Selection and description of site.] Report, 1881 (1884), p. XX XVII-XL. 

{Congressional action in regard to the Woods Hole station.] Report, 1882 

(1884), p. LXI. 

[Permanent sea-coast station.] Report, 1882 (1884), p. XX XVII-XLI. 

——— [Description of Woods Hole.] Report, 1883 (1885), p. LIII-LVI. 


MICHIGAN. 


Clark, Frank Nelson: Report of operations at the Michigan stations of the U. 8S. 
Fish commission for the year 1886-37. Report, 1886 (1889), p. 729-736. 


ALPENA. 


Clark, Frank N.: Description of the U. S. fish hatchery at Alpena, Michigan. 
Bulletin, 1882 (1883), vol. II, p. 388. 

[Report on operations at Alpena.] Report, 1880 (1883), p. 568-572; 1882 
(1884), p. 815-817; 1883 (1885), p. 978-979; 1884 (1886), p. 151-167; 1885 (1887), 
p. 121-129. 

—— [Fish-cultural operations at Alpena.]. Report, 1894 (1896), p. 42-43. 

U. S. Commissioner of Fisheries: [Operations at Alpena.] Report, 1883 (1885), 
p. XXV; 1884 (1886), p. XVI; 1885 (1887), p. XXIII; 1886 (1889), p. XLI; 
1887 (1891), p. XXII; 1888-89 (1892), p. XX XII; 1889-1891 (1893), p. 42; 1892 
(1894), p. XLVI-XLVIT; 1895 (1896), p. 35-36; 1896 (1898). p. 54-55; 1897 (1898) 
p. LVI-LVIT; 1898 (1899), p. LX X XI; 1899 (1900), p. LX XX-LXXXI. 

[Establishment of station.] Report, 1882 (1884), p. XXV. 

Worth, Stephen G.: [Operations at Alpena.] Report, 1893 (1895), p. 105-106. 


CHARLEVOIX. 


U.S. Commissioner of Fisheries: [Substation established.] Report, 1903 (1905), 
p. 13. 
NORTHVILLE. 


Clark, Frank Nelson: Account of operations at the Northville fish-hatching station 
of the United States Fish commission, from 1874 to 1882, inclusive. Bulletin, 
1882 (1883), vol. II, p. 355-372, illus. F12-373 

Report of operations at Northville and Alpena. Report, 1880 (i883), p. 

553-596; 1881 (1884), p. 1037-1062; 1882 (1884), p. 813-838; 1883 (1885), p. 975- 

988; 1884 (1886), p. 151-167 1885 (1887), p. 121-129; 1886 (1889), p. 729-736. 

Report on distribution of fish and eggs from Northville and Alpena stations 
for 1885-86. Bulletin, 1886 (1887), vol. VI, p. 395-399. F18-618 

U. S. Commissioner of Fisheries: [Purchase of station and all facilities from Clark. ] 
Report, 1880 (1883), p. XX VII. 

[Operations at Northville.] Report, 1881 (1884), p. XLIV; 1882 (1884), p. 

LXIV-LXVIII; 1883 (1885), p. LXXVI-LXXVII; 1884 (1886), p. LII-LIII; 

1885 (1887), p. LX XVII-LXXIX, LXXXII; 1886 (1889), p. XX XI, XXXII, 

XXXIII, 1887 (1891), p. XX—XXII; 1888-89 (1892), p. XXXI-XXXII; 1889- 

1891 (1893), p. 39-42; 1892 (1894), p. XLIII-XLVI; 1893 (1895), p. 103-105; 

1894 (1896); p. 40-42; 1895 (1896), p. 33-35; 1896 (1898), p. 52-54; 1897 (1898), 

p. LV-LVI; 1898 (1899), p. LCOCVII; 1899 (1900), p. LX XVII-LXXIX; 1900 

(1901), p. 64-70; 1901 (1902), p. 57-61; 1902 (1904), p. 53-58. 
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MINNESOTA. 
DULUTH. 


U.S. Commissioner of Fisheries: [Establishment of station.] Report, 1887 (1891), 
p. XXXIV. 

——— [Operations of station at Duluth.] Report, 1888-89 (1892), p. XXXIII- 
XXXIV; 1889-1891 (1893), p. 43-44; 1892 cai, p. XLVII-XLIX; 1893 (1895), 
p. 106-108; 1894 (1896), p. 44; 1895 (1896), p. 36; 1896 (1898), p. 55-56; 1897 
(1898), p. LVII-LIX: 1898 (1899), p. LXXxJ- TXXXII- 1899 (1900), p. LXXXI- 
LX XXII; 1900 (1901), p. 70-71; 1901 (1902), p. 60-62; 1902 (1904), p. 58. 


HOMER. 
U. S. Commissioner of aN TR [Site purchased and construction begun.] 


Report, 1910 (1911), p 
[Completion of hutidines. ] Report, 1912 (1914), p. 65. 


MISSISSIPPI: TUPELO. 


U. S. Commissioner of Fisheries: [Selection of site.] Report, 1902 (1904), p 
15-16. 

[Purchase of site.] Report, 1903 (1905), p. 13. 

—— [Progress of construction.] Report, 1904 (1908), p. 14. 


MISSOURI: NEOSHO. 


McDonald, Marshall: [Report in reference to the establishment of a fish-cultural 
station of the U. 8. Fish commission in southwest Missouri. ] Report, 1887 (1891), 
p. XXXI-XXXIII. 
18/3 a Commissioner of Fisheries: OO Seas ats at Neosho.] Report, 1888-89 (1892), 
XXXIV; 1889-1891 (1893), p. 45-47; 1892 (1894), p. L-LIV; 1893 (1895), p. 
lio-117: 1894 (1896), p. 45-47; 1895 ase) p. 38-41; 1896 (1898), p. 59-62; 1897 
(1898), p. LIX-LXI; 1898 (1899), p. DX ey Lk Rey ie 809 (1900), Dp. 
(POO OC UlE Ph €.0.00.6 1900 (1901), p. 77-79; 1901 (1902), p. 65-66; 1902 (1904), 
p. 64-65. 
MONTANA: BOZEMAN. 


U. S. Commissioner of Fisheries: [Establishment of station at Bozeman.] Re- 
port, 1893 (1895), p. 7-8. 

[Brief mention.] Report, 1894 (1896), p. 8; 1895 (1896), p 

), p. LXV PUXVI. 1898 (1899), 

p. XCI- XCII; 1899 (1900), Pp. XCI- XC; 1900 (1901), p. 83-85; 1901 (1902), p 

73-74; 1902 (1904), p. 69-71. 


NEW HAMPSHIRE: NASHUA. 


U. S. Commissioner of Fisheries: [Selection of site.] Report, 1899 (1900), p 
XXVII. 

——— [Operations at Nashua.] Report, 1900 (1901), p. 42-43; 1901 (1902), p. 34-35; 
1902 (1904), p. 34-36. 


NEW JERSEY. 
DELAWARE RIVER. 
U. S. Commissioner of Fisheries: [Operations on Delaware River.] Report, 1892 
(1894), p. XXVIII-X XIX; 1893 (1895), p. 90; 1894 (1896), p. 28-29; 1895 (1896), 
p. 22: 1896 (1898), p. 33-37; 1899 (1900), p. LIX-LX; 1900 (1901), p. 49; 1901 
(1902), p. 42-43; 1902 (1904), p. 39-40. 


GLOUCESTER CITY. 


U.S. Commissioner of Fisheries: [Operations at Gloucester City.] Report, 1885 
(1887), p. XCIII-XCIV; 1889-1891 (1893), p. 28-29. 
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NEW YORK. 


CAPE VINCENT. 


U.S. Commissioner of Fisheries: [Cape Vincent selected as site.] Report, 1894 
(1896), p. 18. 

Operations at Cape Vincent.] Report, 1896 (1898), p. 32-33; 1897 (1898), p 

XXIX-XXX; 1898 (1899), p. XLVII-L; 1899 (1900), p. LI-LIII; 1900 (1901), 

p. 47-49; 1901 (1902), p. 38-42; 1902 (1904), p. 38-39. 


COLD SPRING HARBOR. 


Mather, Fred: rae of eggs repacked and shipped to foreign countries, under the 
direction of the U. Fish commission. Report, 1882 (1884), p. 809-812; 1883 
(1885), p. 973-974; 1884 (1886), p. 143-150; 1885 (1887), p. 117-120; 147-150; 

1886 (1889), P. 829-831. 

Report of operations at Cold Spring Harbor, Long Island. Report, 1884 

(1886), p. 129-142; 1885 (1887), p. 109-115; 1886 (1889), p. 721-728. 

Report of the hatchin operations at Cold Spring Harbor, New York, during 
the season of 1884-85, and the distribution in the spring of 1885. Bulletin, 1885 
(1885), vol. V, p. 469-472. F18-512 

U. S. Commissioner of Fisheries: [Use of State hatchery at Cold Spring Harbor 
by U.S. Fish commission.] Report, 1883 (1885), p. XIX; 1884 (1886), p. XVI; 
1885 (1887), p. XXIII-XXIV; 1886 (1889), p. XLI; 1887 (1891), p. XXVIII; 
1888-89 (1892), p. XXV, 1889-1891 (1893), p. 28; 1892 (1894), p. XX VII-XXVIII. 


ROSLYN. 


Mather, Fred: Report upon the hatching and distribution of Penobscot and land 
locked, or schoodic, salmon in the spring of 1882. Report, 1882 (1884), p. 873-877. 

U. S. Commissioner of Fisheries: [Use of Chapham’s establishment for hatching 
salmon.] Report, 1882 (1884), p. LX VIII-LXIX. 


NORTH CAROLINA. 


AVOCA. 


Milner, James W.: [Work at Avoca station during 1878.] Report, 1878 (1880), p. 617- 

Tanner, Zera Luther: [Work of the Fish Hawk at Avoca.] Report, 1881 isaa), 
p. 59-60. 

U. S. Commissioner of Fisheries: [Operations at Avoca station.] Report, 1881 
(1884), p. XLIX. 


EDENTON. 


U. S. Commissioner of Fisheries: [Selection of site.] Report, 1899 (1900), p. 
XXIX-XXX. 

[Operations at Edenton.] Report, 1900 (1901), p. 57-59; 1901 (1902), p. 50-52; 

1902 (1904), p. 47-48. 


WELDON. 


U. S. Commissioner of Fisheries: [Joint Ss by State and U. S. Fish com- 
mission.] Report, 1884 (1886), p. XLVII 


OHIO. 


PUT-IN) BAY. 


U. S. Commissioner of Fisheries: pe erations at Put-in Bay.] Report, 1899-1891 
(1893), p. 38-39; 1892 (1894), p. XL-XLII: 1893 (1895), p. 100-102; 1894 (1896), p. 
37-40; 1895 (1896), p. 31-32; 1896 (1898), p. 49-51; 1897 (1898), DEE LIV; 1898 
(1899), p. LXX- 0.3.00 pl. XTII-XVI; 1899 (1900), p. LXXI-LXXVI; 1900 
(1901), : 60-63; 1901 (1902), p. 55-57; 1902 (1904), p. 50-53. 


SANDUSKY. 


U.S. Commissioner of Fisheries: [Use of State hatchery by U.S. Fish commission.] 
Report, 1888-89 (1891), p. XXIX-XXX; 1889-1891 (1893), p. 37. 
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OREGON. 
BAKER LAKE. 


U.S. Commissioner of Fisheries: [Selection of site.] Report, 1899 (1900), p. XXIX. 
[Description of hatchery and operations for 1900.] Report, 1900 (1901), p. 
96-97. 

[Report of operations for 1901.] Report, 1901 (1902), p. 83-84; 1902 (1904), 
p. 81-82. 


CLACKAMAS. 


Hubbard, W. F.: Report of the salmon-hatching operations in 1878 at Clackamas 
hatchery. Report, 1878 (1880), p. 771-772. 

Stone, Livingston: Report of operations at the salmon-hatching station on the 
Clackamas River in 1877. Report, 1877 (1879), p. 783-796. F16-117 

U.S. Commissioner of Fisheries: [Establishment of station.] Report, 1878 (1880), 

2 ok VEL 
2 [New station proposed on the Clackamas River, Oregon.| Report, 1886 (1889), 
. XLIX. 

E [Operations at Clackamas station.] Report, 1878 (1880), p. XXVII; 1887 

(1891), p. XIX—XX; 1888-89 (1892), p. XXXVI-XXXVIT; 1889-1891 (1893), 

p. 52-53; 1892 (1894), p. LIX-LX; 1893 (1895), p. 121-122; 1894 (1896), p. 51; 

1895 (1896), p. 48; 1896 (1898), p. 69-70; 1897 (1898), p. LXIX-LXX; 1898 

(1899), p. XCVII-G; 1899 (1900), p. XCIII-XCTIV; 1900 (1901), p. 91-92; 1901 

(1902), p. 78-80; 1902 (1904), p. 75-77. 


ROGUE RIVER. 


U. S. Commissioner of Fisheries: [Selection of site.] Report, 1898 (1899), p. 
CLCII. 

[Operation of station.]. Report, 1901 (1902), p. 78. 

[Station reopened.] Report, 1900 (1901), p. 92-94. 


SALMON RIVER. 


U. S. Commissioner of Fisheries: [Selection of site for auxilary station.] Report, 
1897 (1898), p. LXX-LXXT. 


XCIV-XCV. 
SIUSLAW RIVER. 


U. S. Commissioner of Fisheries: [Operation of hatchery near Mapleton, Oreg., 
by U. 8. Fish commission.] Report, 1898 (1899), p. CIV. 


UPPER CLACKAMAS. 
U.S: Commissioner of Fisheries: [History of station.] Report, 1898 (1899), 
ae ones of station.] Report, 1899 (1900), p. XCIV. 

PENNSYLVANIA: BRISTOL. 


U. S. Commissicner of Fisheries: [Use of Pennsylvania State hatchery.] Report, 
1898 (1899), p. LIX. 


SOUTH CAROLINA: ORANGEBURG. 


U. S. Commissioner of Fisheries: [Selection of site.] Report, 1912 (1914), p. 64. 
[Purchase of site.] Report, 1913 (1914), p. 69. 


SOUTH DAKOTA: SPEARFISH. 


U.S. Commissioner of Fisheries: [Selection of site.] _ Report, 1897 (1898), p. XV. 

——— |Purchase of site.] Report, 1898 (1899), p. XX VI. 

——— [Operations at Spearfish.] Report, 1900 (1901), p. 81-83; 1901 (1902), p. 71-72; 
1902 (1904), p. 68-69. 


[Operations at Salmon River.| Report, 1898 (1899), p. CI; 1899 (1900), p. | 
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TENNESSEE: ERWIN. 


U. S. Commissioner of Fisheries: [Act of August 5, 1892, authorizing the estab- 
lishment of the station.|_ Report, 1894 (1896), p. 18. 

[Selection of site.] Report, 1897 (1898), p. XV. 

[Operations at Erwin.] Report, 1898 (1899), p. LX VII-LXX; 1899 (1900), p. 

LXIX-LXXI,; 1900 (1901), p. 59-60; 1901 (1902), p. 52-53; 1902 (1904), p. 48-49. 


TEXAS: SAN MARCOS. 


U. 0 AS Ae emai of Fisheries: [Selection of site.] Report, 1892 (1894), p. 
XIII. 

——— [Donation of site.]_ Report, 1893 (1895), p. 7. 

——— [Operations at San Marcos.] Report, 1897 (1898), p. LXI-LXII; 1898 (1899), 
p. LXXXVII-LXXXVIII; 1899 (1900), p. LXXXV-LXXXVIII; 1900 (1901), 
p. 76-77; 1901 (1902), p. 67-69; 1902 (1904), p. 62-64. 

— [Closure of hatchery at San Marcos.] Report, 1917 (1919), p. 77-78. 

[Station reopened.| Report, 1918 (1920), p. 10. 


UTAH: SPRINGVILLE. 
U. S. Commissioner of Fisheries: [Selection of site.| Report, 1914 (1915), p. 75. 
VERMONT. 
HOLDEN. 


U. S. Commissioner of Fisheries: [Purchase of land for auxiliary station.] Re- 
port, 1910 (1911), p. 11. 


ST. JOHNSBURY. 


U. S. Commissioner of Fisheries: [Selection of site.] Report, 1893 (1895), p. 6. 
[Construction of station.] Report, 1894 (1896), p. 2. 

[Operations at St. Johnsbury.| Report, 1895 (1896), p. 15-17; 1896 (1898), p. 
21-24: 1897 (1898), p. XXV-XXIX; 1898 (1899), p. XLV-XLVIII; 1899 (1900), 
p. XLVII-LI; 1900 (1901), p. 39-42; 1901 (1902), p. 31-33; 1902 (1904), p. 32-34. 


VIRGINIA. 
GUNSTON. 


U. S. Commissioner of Fisheries: [Operations of barges on the Potomac River in 
1881.] Report, 1881 (1884), p. XLIX. 


QUANTICO. 


U. S. Commissioner of Fisheries: [Operations at Quantico.] Report, 1882 (1884), 
p. LXXII; 1883 (1885), p. LX XXIITI-LXXXIV. 


WYTHEVILLE. 


McDonald, Marshall: Report of operations at the trout-breeding station at Wythe- 
ville, Va., from its occupation in January, 1882, to June 30, 1887. Report, 1885 
(1887), p. 103-108; 1886 (1889), p. 793-800. F11-258 

U. S. Commissioner of Fisheries: [Operations at Wytheville.| Report, 1898 
(1899), p. LXVI-LXVII; 1899 (1900), p. LXVI-LXIX; 1900 (1901), p. 55-57; 
1901 (1902), p. 47-50; 1902 (1904), p. 45-47. 

[Act passed by the Virginia Legislature authorizing transfer of station from 

State to United States.] Report, 1898 (1899), p. XX VIT. 

[Operations of State hatchery by U. S. Fish commissioner.] Report, 1882 

(1884), p. XVIII; 1883 (1885), p. XXV; 1884 (1886), p. XVI; 1885 can p. 

XXIII; 1886 (1889), p. XLI; 1887 (1891), p. X XII-XXIII; 1888-89 (1892), p. 

XXIX: 1889-1891 (1893), p. 36-37; 1895 (1896), p. 29-31; 1896 (1898), p. 47-49; 

1897 (1898), p. LI-LII. 
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WASHINGTON. 
BIG WHITE SALMON. 


U. S. Commissioner of Fisheries: [Operations at Big White Salmon.] Report, 
1902 (1904), p. 80-81. 


BIRDSVIEW. 
U. S. Commissioner of Fisheries: [Purchase of land.] Report, 1911 (1913), p. 62. 
BRINNON. 


U. S. Commissioner of of Fisheries: [New station operated on the Dusenwallops 
River.] Report, 1913 (1914), p. 13. 


DARRINGTON. 


U. S. Commissioner of Fisheries: [Field station established on the Sauk River.] 
Report, 1913 (1914), p. 13. 


DUCKABUSH. 


U. S. Commissioner of Fisheries: [Selection of site and completion of buildings.] 
Report, 1911 (1913), p. 62. 


EAGLE CREEK. 


U. S. Commissioner of Fisheries: [Operated as auxiliary of Little and Big White 
Salmon.] Report, 1903 (1905), p. 38. 


LITTLE WHITE SALMON. 


U. S. Commissioner of Fisheries: [Selection of site.] Report, 1897 (1898), p. 
LXXI-LXXII. 

[Operations at Little White Salmon.| Report, 1898 (1899), p. CII-CIV; 1899 

(1900), p. XOV; 1900 (1901), p. 94-96; 1901 (1902), p. 81-83; 1902 (1904), p. 79-80. 


QUILCENE RIVER. 
U. S. Commissioner of Fisheries: [Selection of site.] Report, 1911 (1913), p. 62. 
QUINIAULT LAKE. 


U. S. Commissioner of Fisheries: [Location of new field station.] Report, 1915 
CONT) apie. 


SULTAN. 


U. S. Commissioner of Fisheries: [Field station established on Elwell Creek.] 
Report, 1913 (1914), p. 18. 


TANNER CREEK. 


U. S. Commissioner of Fisheries: [Operated as auxiliary of Little and Big White 
Salmon.] Report, 1903 (1905), p. 38. 


WEST VIRGINIA: WHITE SULPHUR SPRINGS. 


U. S. Commissioner of Fisheries: [Selection of site.] Report, 1902 (1904), p. 16. 
[Construction of station.] Report, 1903 (1905), p. 12. 


WYOMING: SARATOGA. 


U. S. Commissioner of Fisheries: [Selection of site.] Report, 1912 (1914), p. 64. 
———— [Purchase of land for site.] Report, 1914 (1915), p. 76. 
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WORK OF BUREAU’S CARS. 


Eastman, Frank S.: Description of the U. 8. Fish commission car No. 2, designed 
for the distribution of young fish. ae Seay 1882 (1884), p. 39-41, pls. 

Ellis, J. Frank: The transportation of fish and fish eggs. Report, 1897 (1898), p. 
239-244; also in Manual of fish-culture, rev. ed., 1900, p. 239-244. 

McDonald, Marshall: Summary of distribution of fish by one car during the past 
season. Bulletin, 1883 (1883), vol. II], p. 295. F 18-138 

Stone, Livingston: [California aquarium car.] Report, 1873-74 and 1874-75 (1876), 
p. 385-390. 

U. S. Commissioner of Fisheries: [Car and messenger service.] Report, 1894 
(1896), p. 52; 1896 (1898), p.-71; 1897 (1898), p. XIX; 1898 (1899), p. XXXIV- 
XXXVI; 1899 (1900), p. XLIT; 1900 (1901), p. 16; 1901 (1902), p. 9; 1902 (1904), 
p. 10; 1903 (1905), p. 10; 1904 (1905), p. 6-7; 1905 (1907), p. 8; 1906 (1908), p. 8; 
1907 (1909), p. 8. 

{Description of car No. 1.] Report, 1881 (1884), p. XLII; 1882 (1884), p. XXX; 

1883 (1885), p. XXXVI. 

[Description of car No. 2.] Report, 1882 (1884), p. XXX; 1883 (1885), 

p. XXXVI. 

[Constructed in 1884.] Report, 1884 (1886), p. XXIII. | 

[Cars], 2,and3.] Report, 1885 (1887), p. XX XIITI-XXXIV. 

[Trip of car No. 3, to Michigan.] Bulletin, 1885 (1885), vol. V, p. 106. 

ae t use of car for hatching, Lambertville, Pa.] Report, 1885 (1887), p. 

— [New transportation car No. 5.] Report, 1899 (1900), p. XX XI. 

— [Car 3 utilized as hatchery on St. Johns River.] Report, 1897 (1898), p. XIX. 


FISH CULTURE BY COUNTRIES. 
UNITED STATES. 


GENERAL. 


Blackford, Eugene G.: Opening remarks of the chairman of the fish-cultural section 
of the Fisheries Congress. Bulletin, 1893 (1894), vol. XIII, p. 191. 
Borodine, N.: Statistical review of fish culture in Europe and North America. 
Bulletin, 1893 (1894), vol. XIII, p. 193-196. Doc. 254 issued June 9, 1894. 
F12-183 
Ewart, J. Cosser: [A Scotch view of our methods.] Bulletin, 1885 (1885), vol. 


,p. 83. 
Harding, Garrick M.: Suggestions to fish culturists. Bulletin, 1881 (1882), vol. I, 
p. 55-56. F18-17 
Hubrecht, Ambrosius Arnold Willem: Fish culture as seen at the London exhibi- 
tion, with special references to its history, apparatus, and the methods used in the 
United States. Bulletin, 1883 (1883), vol. III, p. 337-348. F 12-397 
Malmgren, A. J.: [Fish culture in the United States.] Bulletin, 1883 (1883), vol. 
III, p. 363-382. 
Milner, James W.: The progress of fish culture in the United States. Report, 


1872-73 (1874), p.e523-558, pl. XIV-XV. F15-116 
Nordqvist, Oscar: Some notes about American fish culture. Bulletin, 1893 (1894), 
vol. XIII, p. 197-200. Doc. 255 isswed June 9, 1894. F12-183 


Stone, Livingston: Some brief reminiscences of the early days of fish culture in 
the United States. Bulletin, 1897 (1898), vol. XVII, p. 337-343. Doc. 391 issued 
Aug. 8, 1892. F12-110 

Summary of reports for 1878 by State fish commissioners respecting the increase of 
food fishes by artificial propagation. Report, 1878 (1880), p. 925-943. _F16-187 

U. S. Bureau of Fisheries: Reports of special conferences with the American fish 
culturists association and State commissioners of fisheries. Report, 1872 and 
1873 (1874), p. 757-773. 


ALASKA. 


Fassett, Harry Clifford: [The Karluk hatchery.] Bulletin, 1901 (1902), vol. XXTI, 
p. 331-348, illus., pl. XXXII-XXXIV. 


ARIZONA. 


Evermann, Barton Warren: [Inquiry respecting suitable site for fish-cultural 
work.] Report, 1904 (1905), p. 109. 
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CALIFORNIA. 


Campbell, J. B.: Notes on McCloud River, California, and some ofits fishes. Based — 
upon a letter from J. B. Campbell. Bulletin, 1881 (1882), vol. I, p. 44-46. 


F 18-14 

Green, Seth: Rearing of California mountain trout (Salmo irideus). Bulletin, 
1881 (1882), vol. I, p: 23. FI8-11 | 

Poppe, Robert A.: The introduction and culture of the carp in California. Report, 


1878 (1880), p. 661-666. F 16-173 
Titcomb, John W.: [Landlocked salmon, trout, striped bass, and shad in California. } 
Quoted by C. A. Vogelsand. Report, 1903 (1905), p. 33-34. 
U.S. Bureau of Fisheries: Hatching and distribution of California salmon. A. 
Report on California salmon spawn hatched and distributed, by J. H. Slack. 
B. Hatching and distribution of California salmon in tributaries of Great Salt 
Lake, by A. P. Rockwood. Report, 1873-74 and 1874-75 (1876), p. 431-435. 
F 16-22 
_ COLORADO. 


Titcomb, John W.: [Trout introduced into Colorado.]| Report, 1903 (1905), p. 32. 
FLORIDA. 

Smith, Hugh McCormick: Notes on Biscayne Bay, Florida, with reference to its — 

adaptability as the site of a marine hatching and experiment station. Report, 

1895 (1897), p. 169-191. Doc. 333 issued Jan. 8, 1897. ; F 11-196 


ILLINOIS. 


Bartlett, S. P.: [Fish-culture in Illinois.]| Bulletin, 1885 (1885), vol. V, p. 107. 


IOWA. 


Mosher, A. A.: Notes on fish-culture in Iowa. Bulletin, 1885 (1885), vol. V, p. 312. 
FI8—459 
MAINE. > 


Stanley, E. M.: [Work of the Maine commission.] Bulletin, 1885 (1885), vol. V, 
p. 465. 


MICHIGAN. 


Post, Hoyt: Fish-culture in Michigan. Bulletin, 1893 (1894), vol. XIII, p. 201-211. 


Doc. 256 issued June 26, 1894. F 12-183 
MONTANA. 
Crosby, John Schuyler: Stocking the streams of Montana with fish. Bulletin, 1883 
(1883), vol. IIT, p. 301-302. F18-140 
Henshall, James Alexander: Culture of the Montana grayling. Report and 
special papers, 1906 (1908), 7p. Doc. 628 issued Dec. 11, 1907. 7-35451 — 


Titcomb, John W.: [Propagation of trout in Montana. | Report, 1903 (1905), p. 32. 
NEW JERSEY. 


Mason, Harry W.: Report of operations on the Naversink River, New Jersey, in 
1879, collecting living striped bass for transportation to California. Report, 1879 — 


(1882), p. 663-666. F17-15 
Titcomb, John W.: | Propagation of black bass in New Jersey.]| Report, 1903 (1905), 
p. 34. 


NORTH CAROLINA. 


Worth, S. G.: Summary of fish-cultural work in North Carolina. Bulletin, 1885 
(1885), vol. V, p. 365-367. F18-481 _ 


OREGON. 


Dowell, B. F.: | Fish-culture in Oregon.| Bulletin, 1884 (1884), vol. IV, p. 469-470. 
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PENNSYLVANIA. 
Titcomb, John W.: [Propagation of rainbow trout in Pennsylvania.] Report, 1903 


(1905), p. 34. 
SOUTH DAKOTA, a 


Titcomb, John W.: [Trout in South Dakota.| Report, 1903 (1905), p. 32. 
VERMONT. 


Stone, L.: [Decline in fish hatching in Vermont.] Bulletin, 1885 (1885), vol. V, 
D. 351. ‘ 
: WYOMING. 


Evermann, Barton W.: [Results of stocking the waters of Yellowstone national 
park with fish.] Bulletin, 1891 (1893), vol. XI, p. 53-55, 
Maynard, H. J.: [Fish-culture in Wyoming Territory.] Bulletin, 1885 (1885), vol. 
V, p. 107-108. 
PACIFIC COAST. 


Dunn, Horace D.: [Fish-culture on the Pacific coast.] Bulletin, 1887 (1889), vol. 
VII, p. 49-50. 


CANADA. 


Malmgren, A. J.: [Fish-culture in Canada.] Bulletin, 1883 (1883), vol. III, p. 
363-382. 


MEXICO. 
LaMotte, Alfred V.: Commission de Piscicultura de La Republica Mexicana. 
Bulletin, 1884 (1884), vol. IV, p. 124. F 18-243 
EUROPE. 
GENERAL. 


Bettoni, Eugenio, and Decio Vinciguerra: On the fish-cultural establishments 
of central Europe. Report, 1886 (1889), p. 539-601. F 17-147 
Borodine, N.: Statistical review of fish-culture in Europe and North America. 
Bulletin, 1893 (1894), vol. XIII, p. 1938-196. Doc. 254 issued June 9, 1894. : 
F 12-18 
Bouchon-Brandely, Germain: Report on the state of pisciculture in France 
and the neighboring countries. Report, 1872 and 1873 (1874), p. 513-523. 
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Part 12.—EDUCATION AND RESEARCH. 
COLLECTING. 


Baird, Spencer Fullerton: Circulars in reference to shipping fresh fish and other 
animals. 4p. Doc. 29 issued 1881. F 14-135 
The instruction of naval midshipmen in taxidermy, ichthyology, etc., at the 

U. S. National museum and on board the steamers of the United States Fish 


commission. Bulletin, 1883 (1883), vol. III, p. 239. F 12-394 

On the specimens received by the Smithsonian institution from the United 

States Life-saving service. Bulletin, 1884 (1884), vol. IV, p. 177-178. F 13-93 
Bean, Tarleton Hoffman: List of fishes distributed by the United States Fish 
commission. Report, 1882 (1884), p. 1039-1044. F 16-307 
Ryder, John Adam: Directions for collecting embiotocoid fish embryos. Bulletin, 
1885 (1885), vol. V, p. 32. F18-369 


Smiley, Charles Wesley: Arrangement with the life-saving service and the light- 
house board for collecting whales, porpoise, sharks, and strange forms of marine 
life. Bulletin, 1884 (1884), vol. IV, p. 385-387. F18-343 

U. S. Bureau of Fisheries: Distribution of duplicate sets of marine invertebrates, 
1879-1886. Report, 1886 (1889), p. 843-867. 


PRESERVATION. 
Bean, Tarleton Hoffman: Directions for collecting and preserving fish. 1881, 6 p. 
Doc. 80 issued 1881. F12-211 
Directions for collecting and preserving fish. Bulletin, 1883 (1883), vol. III, 
p. 197-200. F12-211 


Brooks, William Keith: [New method for preserving delicate organisms.] Quoted by 
Ryder. Report, 1888-89 (1891), p. 519. 

Figgins, J. D.: New methods of preparing fishes for museum exhibit. Bulletin, 
1908 (1910), vol. XXVIII, p. 1857-1368. Doc. 724 issued 1910. 10-35653 

Franklin, Dwight: A method of preparing fish for museum and exhibition purposes. 
Bulletin, 1908 (1910), vol. XXVIII, p. 1353-1355, pl. CXLII. Doc. 723 issued 
1910. 

Holder, Charles Frederick: A plan for an educational exhibit of fishes. Bulletin, 
1908 (1910), vol. XXVIII, p. 1309-1314. Doc. 720 issued May, 1910. 10-35651 

Lucas, Frederic Augustus: Outline of educational exhibit of fishes. Bulletin, 
1908 (1910), vol. XXVIII, p. 1341-1351. Doc. 722 issued 1910. 10-35678 

Miner, Roy Waldo: A plan for an educational exhibit of fishes. Bulletin, 1908 
(1910), vol. XXVIII, p. 1215-1340, pl. CXKXVI-CXLI. Doc. 721 issued May 20, 
1910. 

Ryder, John Adam: On the preservation of embryonic materials and small organ- 
isms, together with hints upon embedding and mounting sections serially. Report, 


1882 (1884), p. 607-628. Doc. 76 issued Aug. 12, 1884. F 11-274 
Seal, William P.: The keeping of Salmonide for purposes of exhibition. Bulletin, 
1887 (1889), vol. VII, Pp. 983-285, illus. F 18-676 
Tanner, Zera Luther: [Preparation and preservation of specimens.] Bulletin, 


1896 (1897), vol. XVI, p. 404-417. 


TECHNIQUE. 


Crozier, William J., and Selig Hecht: Correlation of weight, length, and other 
body measurements in the weakfish, Cynoscion regalis. Bulletin, 1913 (1915), 
vol. XX XIII, p. 141-147, illus. Doc. 800 isswed Sept. 17, 1914. F14-101 

Snyder, John Otterbein: [Diagram for taking measurements of fish.] Bulletin, 
1907 (1908), vol. XX VII, p. 79, illus. 


AQUARIUMS. 


Blake, William Phipps: A report to the United States Centennial commission 
upon the principal aquariums abroad in 1873. Report, 1882 (1884), p. 631-640, 
ius. F 16-308 

Forbes, S. A.: The aquarium of the U. S. Fish commission at the World’s Colum- 
bian exposition. Tieceet of the Director. Bulletin, 1893 (1894), vol. XIII, 
p. 143-158. Doc. 253 isswed June 26, 1894. F 12-183 
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Hoffman, R. E.: Artificial sea-water for aquaria. Bulletin, 1884 (1884), vol. IV, 
p. 465-467. F13-76 

Holder, Charles Frederick: A method of transporting live fishes. Bulletin, 1908 
(1910), vol. XXVIII, p. 1005-1007. Doc. 702 isswed Apr., 1910. 10-35427 

Norsk Fiskeritidende: [Purifying water in glass aquariums.] Bulletin, 1886 (1887), 
vol. VI, p. 401. 

Reeves, I. S. K.: Description of the fresh and salt-water supply and pumping 
plants used for the aquarium. Bulletin, 1893 (1894), vol. XIII, p. 159-161. 
Doc. 253 issued June 26, 1894. F 12-183 

Ryder, John Adam: [Improvementsin methods of display.] Report, 1888-89 (1892), 
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Seal, William P.: The aqua-vivarium as an aid to biological research. Report, 


1883 (1885), p. 965-969. Doc. 102 issued Aug. 16, 1886. F11-246 
The aquarium. A brief exposition of its principles and management. Bul- 
letin, 1887 (1889), vol. VII, p. 274-282. F11-331 


An inquiry as to the proper methods for the care of living things held for 

opular amusement and instruction or for purposes of biological research. Bul- 
letin, 1887 (1889), vol. VII, p. 285-287, pl. I-II. F 18-677 
Observations on the aquaria of the United States Fish commission at Central 
station, Washington, D.C. Bulletin, 1890 (1892), vol. X, p. 1-12, illus., IV pl. 
Doc, 186 issued Feb. 11, 1892. 7-1837 


BIOLOGICAL STATIONS. 


[The American representation at the Naples Zoological station.] Bulletin, 1885 
(1885), vol. V, p. 466. 

Dohrn, Anton,i. e. Felix Anton: The zoological station at Naples, Italy. Bulletin, 
1883 (1883), vol. III, p. 433-435 incl. tables. F 18-166 

Evermann, Barton Warren: [The necessity of a biological station in Florida.] 
Bulletin, 1897 (1898), vol. XVII, p. 207-208. 

McIntosh, W. C.: Fish-cultural investigations at St. Andrews Marine Laboratory, 
Scotland. Bulletin, 1893 (1894), vol. XIII, p. 241-256. Doc. 261 issued June 26, 
1894. F12-183 

Meek, Seth Eugene: The utility of a biological station on the Florida coast in its 
relation to the commercial fisheries. Bulletin, 1897 (1898), vol. XVII, p. 181- 
183. Doc. 867 issued Aug. 8, 1898. F12-110 

Smith, Hugh McCormick: Notes on Biscayne Bay, Florida, with reference to its 
adaptability as the site of a marine hatching and experiment station. Appendix 
2, Report, 1895 (1896), p. 169-191. Doc. 333 issued June 8, 1897. 11-196 

Taylor, W. Edgar: Establishment of a biological station on the Gulf of Mexico. 
Bulletin, 1897 (1898), vol. XVII, p. 185-188. Doc. 368 issued Aug. 8, 1898. F12-110 


EXPOSITIONS. 


GENERAL. 


Feddersen, Arthur Frederik: Abstract of an article from the ‘‘Nordisk tidsskrift 
for fiskeri,’’ 1878, entitled ‘‘Observations on fishery expositions,’’ etc. Report, 
1878 (1880), p. 43-45. F16-153 

UNITED STATES. 


ATLANTA: COTTON STATES AND INTERNATIONAL EXPOSITION. 


Ravenel, William de Chastignier: Report of the representatives of the U. S. Fish 
commission at the Cotton states and international exposition at Atlanta, Georgia, 
in 1895. Report, 1896 (1898), p. 147-167, pl. 11-21. Doc. 338 issued June if 1897. 
11-175 

BUFFALO: PAN-AMERICAN EXPOSITION. 


Ravenel, William de Chastignier: The Pan-American exposition. Report of the 
representative of the U. S. Fish commission. Report, 1901 (1902), p. 289-351, 
pl. 6-20. Doc. 508 isswed Oct. 27, 1902. F11-26 


CHICAGO: WORLD’S FAIR. 


Bean, Tarleton Hoffman: Report of the representatives of the U. S. Fish com- 
mission at the World’s Columbian exposition. Report, 1894 (1896), p. 177-196, 
pl. 1-5. Doc. 311 issued Nov. 30, 1896. F11-186 
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CINCINNATI: CENTENNIAL EXPOSITION, 


Collins, Joseph William: Report upon the participation of the U, S. Fish commis- 
sion in the Centennial exposition held at Cincinnati, Ohio, in 1888. Report, 
1888-89 (1892), p. 869-885, pil. XC. Doc. 191 issued 1892. F12-229 


NASHVILLE: TENNESSEE CENTENNIAL EXPOSITION, 


Ravenel, William de Chastignier: Report upon the exhibit of the United States 
Commission of fish and fisheries at the Tennessee Centennial exposition,in 1897. 
Report, 1898 (1899), p. 329-339, pl. 37. Doc. 407 issued Mar. 28, 1899. 

: F11-118 


ST. LOUIS: LOUISIANA PURCHASE EXPOSITION, 


Ravenel, W. de C.: The United States Commission of fish and fisheries, and its 
exhibit at the Louisiana Purchase exposition, St. Louis, Mo., 1904. 54 p. 
(Gibson, Washington. ) 


LONDON: INTERNATIONAL FISHERY EXPOSITION. 


Benecke, Barthold Adolph: The results of the London Fisheries exhibition in 
their practical value for Germany. Report, 1884 (1886), p. 1185-1204. 
F 18-141 
Ljungman, Axel Vilhelm: Sweden at the great International fishery exposition 
at London, 1883. Bulletin, 1883 (1883), Se III, p. 231-239. 18-128 
Lowell, James Russell: Success of the United States exhibit at the London Inter- 
national fisheries exhibition. Bulletin, 1883 (1883), vol. III, p. 447-448. 
F 18-180 
Thanks of the executive committee of the London International fisheries 
exhibition for the participation by the United States. Bulletin, 1884 (1884), 
vol. IV, p. 291-292. F18-315 
U. S. Bureau of Fisheries: [Great International fisheries exhibition: catalogues. 
a, Preliminary catalogue and synopsis of the collections exhibited by the Unit 
States Fish commission and by special exhibitors. With a concordance to 
the official classification of the exhibition. 107 p. Doc. 54 issued May 25, 


1883. F12-291 
b. Collection of economic crustaceans, worms, echinoderms and sponges, by 
Richard Rathbun. 31 p. Doc. 55 issued May 22, 1883. ¥F12-292 


c. Catalogue of the aquatic and fish-eating birds exhibited by the United States 
National museum, by Robert Ridgway. 48p. Doc. 56 issued May oo 1883. 
0-140 

d. Catalogue of the economic mollusca and the apparatus and appliances used in 
their capture and pape for market, exhibited by the United States 
National museum, by Francis Winslow. 86 p. Doc. 57 issued June 14, 1883. 


F 12-293 
e. The whale fishery and its appliances, by James Temple Brown. 116p. Doc. 
58 issued June 14, 1888. 8-27229 


f. Catalogue of the collections of fishes exhibited by the United States National 
museum, by Tarleton H. Bean. 124 p. Doc. 59 issued June 80, Ee an 
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g. Descriptive catalogue of the collection illustrating the scientific investigation 
of the sea and fresh waters, by Richard Rathbun. 109 p. Doc. 69 rssued 


Apr. 19, 1884. F12-296 
h. Catalogue of the aquatic mammals exhibited by the United States National 
museum, by F. W. True. 22 p. Doc. 74 issued May 9, 1884. F12-297 


EDINBURGH: INTERNATIONAL FISHERIES EXHIBITION. 


Leonard, J. A.: Plan of the International fisheries exhibition to be held at Edin- 
burgh, Scotland, and a list of prizes to be awarded. Bulletin, 1881 (1882), vol. 

I, p. 390-394. F 20-128 

A report on the Edinburgh fisheries exhibition. Bulletin, 1882 See vol. 

II, p. 80-82, 18-77 
Official papers relating to the proposed International fisheries exhibition at Edin- 
burgh in 1882. Bulletin, 1881 (1882), vol. I, p. 130-132. F18-29 
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BERLIN: INTERNATIONAL FISCHEREI-AUSSTELLUNG, 1880. 


Haack, Hermann: A German view of the American section in the Berlin Fishery 


exhibition. Bulletin, 1881 (1882), vol. I, p. 57-58. F18-18 
The United States exhibit at the Berlin International fishery exposition of 1880. 
Tr. by Herman Jacobson. 1884, p. 53-58. F16-319 


FISHERY CONGRESSES. 
WORLD’S FISHERIES CONGRESS, CHICAGO, 1893. 


World’s Fisheries Congress, Chicago, 1893: Report and papers of the World’s 
fisheries congress, held at Chicago, October 16 to 19, 1893. Bulletins 1893 (1894), 
vol. XIII, 462 p., illus., 41 pl. (partly col.). F 12-183 

Contents.—]. Report of the secretary of the general committee, by T. H. 
Bean. 2. Address of the chairman of the general committee on the World’s 
fisheries congress, by M. McDonald. 3. The assimilation of the fishery laws of 
the Great Lakes, by G. A. MacCallum. 4. The decrease of food-fishes in American 
waters and some of the causes, by A. M. Spangler. 5. The sea and coast fisheries, 
by D. T. Church. 6. Our ocean fishes and the effect of legislation upon the fish- 
eries, by J. M. K. Southwick. 7. The past, present, and future of trout-culture, 
by W. L. Gilbert. 8. The relation of scientific research to economic problems, 
by G. B. Goode. 9. Biological research in relation to the fisheries, by J. A. Ryder. 
10. On the influence of light on the periodical depth-migrations of pelagic animals, 
by J. Loeb. 11. The investigation of rivers and lakes with reference to the fish 
environment, by B. W. Evermann. 12. The habits and development of the 
lobster, and their bearing upon its artificial propagation, by F. H. Herrick. 13. 
The origin of the food of marine animals, by W. K Bros: 14. Atmospheric and 
other influences upon the migration of fishes, by J. J. Armistead. 15. Some ob- 
servations concerning fish parasites, by E. Linton. 16. On the food of the men- 
haden, by J. I. Peck. 17. Some plankton studies in the Great Lakes, by J. E. 
Reighard. 18. The aquarium of the United States Fish commission at the World’s 
Columbian exposition, by 8S. A. Forbes. Description of the fresh and salt water 
supply and pumping plants used for the aquarium, by I. 8. K. Reeves. Obser- 
vations and experiments on Saprolegnia infesting fish, by G. P. Clinton. Re- 
port on a parasitic protozoan observed on fish in the aquarium, by C. W. 
Stiles. 19. Opening remarks of the chairman of the fish-cultural section of the 
Fisheries congress, by E. G. Blackford. 20. Statistical review of fish-culture in 
Europe and North America, by N. Borodine. 21. Some notes about American 
fish-culture, by O. Nordqvist. 22. Fish-culture in Michigan, by H. Post. 23. 
History and methods of whitefish culture, by F. N. Clark. 24. Methods em- 


ployed at Craig Brook station in rearing young salmonoid fishes, by C. G. Atkins. . 


25. The propagation of black bass in ponds, by W. F. Page. 26. Fish and fishing 
in British Guiana, by J. J. Quelch. 27. Fish-cultural investigations at St. An- 
drews marine laboratory, Scotland, by W. C. McIntosh. 28. Description of the 
marine hatchery at Dunbar, Scotland, by T. W. Fulton. 29. The past, present, 
and future of the oyster industry of Georgia, by A. Oemler. 30. Deep-water 
oyster culture, by H. C. Rowe. 31. Breeding natural food artificially for young 
fish artificially hatched, by A. N. Cheney. 32. What we know of the lobster, by 
F. Mather. 33. Remarks on the maintenance and improvement of the American 
fisheries, by H. M. Smith. 34. Reforms and improvements suggested for the 
fisheries of Great Britain and Ireland, by J. Lawrence-Hamilton. 35. Foul fish 
and filth fevers, by J. Lawrence-Hamilton. 36. Recent experiments in sturgeon 
hatching on the Delaware River, by B. Dean. 37. The fisheries of Canada, b 
L. Z. Joncas. 38. The fishing industry of Lake Erie, past and present, by C. M. 
Keyes. 39. The fisheries of the Virginia coast, by J. T. Wilkins. 40. Notes on 
the Irish mackerel fisheries, by W. 8. Green. 41. Past and future of the fur seal, 
by J. Stanley-Brown. 42. Notes on the fisheries and fishery industries of Puget 
Sound, by J. G. Swan. 43. Fish nets: some account of their construction and 
the application of the various forms in American fisheries, My C. H. Augur. 44. 
Statistics of the fisheries of the United States, by H. M. Smith. 45. The fisheries 
of Japan, by the Japanese Bureau of Agriculture. 46. On pearls, and the utili- 
zation and application of the shells in which they are found in the ornamental 
arts, as shown at the World’s Columbian exposition, by G. F. Kunz. 
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NATIONAL FISHERY CONGRESS, TAMPA, 1898. 


National Fishery Congress, Tampa, 1898: Proceedings and papers of the 
National fishery congress, held at Tampa, Florida, January 19-24, 1898. Bulletin, 
1897 (1898), vol. XVII, p. 145-371, illus., pl. 10-31. F12-110 

‘ontents.—Proceedings of the congress. Methods of plankton investigation in 
their relation to practical problems, by J. Reighard. The importance of extended 
scientific investigation, by H. C. Bumpus. The utility of a biological station 
on the Florida coast in its relation to the commercial fisheries, by Seth E. Meek. 
Establishment of a biological station on the Gulf of Mexico, by W. E. Taylor. 
Some notes on American shipworms, by C. P. Sigerfoos. An economical con- 
sideration of fish parasites, by Edwin Linton. The fish fauna of Florida, by 
B. W. Evermann. The lampreys of central New York, by H. A. Surface. The 
protection of the lobster fishery, by F. H. Herrick. The Florida commercial 
sponges, by H. M. Smith. On the feasibility of raising sponges from the egg, 
by H. V. Wilson. The Hudson River as a salmon stream, by A. N. Cheney. A 
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enshall. International protection for the denizens of the sea and waterways, 
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and its effect on natural reproduction, by ©. H. Stevenson. The green turtle 
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coast, by Ralph M. Munroe. Some factors in the oyster problem, by H. F. Moore. 
The oyster grounds of the west Florida coast: their extent, condition, and pecu- 
liarities, by F. Swift. The oysters and oyster beds of Florida, by John G. Ruge. 
The Louisiana oyster industry, by F. C. Zacharie. The oyster-bars of the west 
coast of Florida: their depletion and restoration, by H. A. Smeltz. Notes on the 
fishing industry of eastern Florida, by J. Y. Detwiler. Oysters and oyster- 
culture in Texas, by I. P. Kibbe. The methods, limitations, and results of 
whitefish culture in Lake Erie, by J. J. Stranahan. A brief history of the gather- 
ing of fresh-water pearls in the United States, by G. F. Kunz. The red snapper 
fisheries: their past, present, and future, by A. F. Warren. Some brief reminis- 
cences of the early days of fish-culture in the United States, by L. Stone. The 
relations between State fish commissions and commercial fishermen, by W. E. 
Meehan. Possibilities for an increased development of Florida’s fishery resources, 
by J. N. Cobb. The utility and methods of mackerel propagation, by J. P. 

oore. The large-mouthed black bass in Utah, by John Sharp. Florida fur- 
farming, by J. M. Willson, jr. Index. 


INTERNATIONAL FISHERY CONGRESS, FOURTH, WASHINGTON, 1908. 


International Fishery Congress, Fourth, Washington, 1908: Proceedings of 
the Fourth International fishery congress: Organization and sessional business, 
papers, and discussions. Held at Washington, U. 8. A., September 22 to 26, 
1908. Bulletin, 1908 (1910), vol. XXVIII, 2 parts, illus., CLVI pl. (partly col. 2 
fold.). 11-5437 

Contents.—Pt. 1. Organization and sessional business. International regula- 
tions of the fisheries on the high seas [3 papers], by O. T. Olsen, C. E. Fryer, 
C. H. Stevenson. Work of the International Hee commission of Great 
Britain and the United States, by D. S. Jordan. Some reasons for failure of 
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National aspects of angling and the protection of game fishes, by H. W. Perce. 

PROT fishing in California and Florida, by C. F. Holder. Lobsters and the 

lobster problem in Massachusetts, by G. W. Field. A method of lobster culture, 

by A.D. Mead. Sea mussels and dogfish asfood, by I. A. Field. The wholesome- 
ness of oysters as food, by H. C. Rowe. Effects of menhaden fishing upon the 
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Kendall. An improved and practical method of packing fish for transportation, 
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fisheries, by C. H. Townsend. Economic conditions of the fisheries in Italy, by 

Guido Rossati. The fisheries and the guano industry of Peru, by R. E. Coker. 

The fisheries of China, by Wei-Ching W. Yen. The fisheries of Japan, from a 

eographical standpoint, by T. Kitahara. Gold fish and their culture in Japan, 
y Shinnosuke Matsubara. Commercial sponges and the sponge fisheries, by 
H. F. Moore. The abuse of the scaphander in the sponge fisheries, by Ch. 
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